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4 12* ^-X±T, X^faRtf Y^ft 2 SfcTcfct*®!^ 
fiEtftoTIr^. — >3 2A, 3 2B, 

ftl^3 2 C©§*tt, fcrxV#«5fc^, 

^r — , fc&tt". DCt — ^ — t 'J 7 h • # A 

[ 0 05 5] Z-7^aI-^32A, 32 

B. R^32C (-r&fr^ Z— ffigfrnE — ^ — ) V>&* 

6, ZlfrtfJ Crfefc^. £fx5;fr fa) C&ift 

L . Z-T^^iX — > 3 2 A . 3 2 B . 

Rtf32 co#^rdt. z^?iRjcs^sa/f ftsa^n/t 

[ 0 0 5 6] XYXt-x3 4©2i5c^&tt. lr^<^ 
from®*:'-* - 3 6IC«kot?|fg^"$n5. ®®t 

-3 5lc«t9TK^$nTV^. |)zAXf-y3Vh 
D ~^- 3 5Ctt. f£®r&3 1©RS#®<DX^^JRCXY 

^iRiK:fc^sfi:@©^fl:$z«^-e#s c i^ — if — 

W(ifm) 3 3 a> e><ommmmi!Lm&&mtsti 

[0 0 5 7 ] fcix.^ ©©^Er-^-3 6 tLt'JZ7^ 
-^-£««f5XYXT-y3 4(Di«:|!llll t 1 9 
8 6^9^18 Bfc^||<*nfc#§§KBl&6 1 - 2 0 9 8 
3 1 (iCSS^^^^It) iCH^^ntl^i^&fe© 

[ 0 0 5 8 ] :tOH^|;|tt. 1 /4 U > 



20 



4 »/hfiS U P L CO^^^^OS® £ 0 xAWO 

*) (O 3 0<Dfg£|fcffl# G D L . GDC, J^GDR 

* * * . 

• - • • • 

[ 0 0 5 9 ] znz<Dm&&mzk<D5t, . g^ft^^G 

10 DLtGDRIi, X^t->^S3t<Dtt0^xAWO 

j&) ^i^.s«fcpi:aj|$nri^..')iAW05io(D 

> tf&mv&tPl (:/^X;frft (cU 
/t*«^ Tl^$ tlfcji^^ai^G D L Ettf G DRp-^ 

20 [ 0 0 6 0 ] Lfcdt^T. I<lkJB*G.DL»tfGDR 
m 5 , 4 4 8 . 3 3 2 CH^Jtlfcil^mpM* 
M.C.^UTtt, ^^^5, 4 4 8,, 3-3 2 0&.A.H 

If. w ~ 

• ' - . f 

^IjSttllllGD LRtf GDRC»il5n ; T : ^6. CO 

[0061] 0ii:^$nfci^^aj^GDctt, ^ 
30 Awoi® (tftt>^, xyspf) -cifctti:, 1/ 

4ttT/h»^ U >XJ& P L O&j^^^OX^ V X >^^|r) 

ijSttffl^GD Ctt, H:l^It,- 1/ 
4 fig/hSj^ U PL(O^^CO^ttS^-f>>CJpit 
T * 1 / 4tt/hift^ U P L CD ^6 «ICte(0tftai3i? 

[ 0 0 6 2 ] ^^^^KlUfedtofc^^^ai^fttt. ^~ 

ICfcc>T^*a:t*5 Ctl^Ojij^^a 
[ 0 0 6 3 ] Jt&VltM&lktomGD L . GDR, Xt^ 

GDco^^rtcto rftias n>t o xAi®o-s;©s 

3>hD-;|,2- 7 h38CA^$ns. AFn>hD 
-i^-vhSSIJ, ^J^^lli^GDL. GDR, RCX 

g d cfrs&gastitz&mmnizm^^T. z-tzt 

50 aI-^tLTOZ-ffi||t-^-32A k 32B.R 
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3 2 C©#^$®lf5IIfei$ft$U, Z - 
* — 32A. 32B, &tf 3 2 C LT» 

[ 0 0 6 4] C<D$3SPO>fcS&K, I^iftm^GDUDt 

gdr©*^, -? * ^ # *r > h c^^c) m,a&t>i£m 

0t>t t^oTU5. C©*fe>-frtt* l/4»*&^ 
@) & ft # < > h^f AF3>hD-j^ 

^ ^ - > ft (x^irj) c^^r^iAWSf ;vhsg 

[006 5] & i tzy^znitT ? t — \z. — ^gg-c 

Y^^II:XY7f-y34$^ir5:tl: < l:oT 4 X 

[ 0 0 6 6 J S2^#gBt5t, g^^^;U-yix>XM 
LGatt^^-yi/>X|LGb^ l 0 1 tZ $ tl 
& 1/ 4 Ig/K&Sru >X«PL*$l/TH5. Stai&E 

^^LGb t©H9i:$«EUT^5. [fil & A ^ — > P 
att:. a 2 ic^^rnfc I^^^;i/R it. liSf S Btci: 

T S5 J£ c£ tlft7 V — A (ft) KJgfifcSnT^S. 

[0 0 6 7 ] X^t - >^^^T?, l^^^;l/RC0@^A 
* — >fc[i£ P a (D&a*. ^xAW±<D^l6t5'>3 y h 

^ct&ofc^^x^iRijr^giTs^tct^Tfffen 

I^^^^R^Bg^t"^fcfi&CD/^;PXfig^ 
^lAO^^ft. H2CStJ:9i:. l'3 L ^rt'R<D@& 
/^->i«P a K*5V>TX;frf6] ta^^^ff X h U v 
^ifcttS^^ICgf $ntt^. X ft K lr> T5 Iri 
IC *t ft L T V> * * K)l> xmWlt I A<D&#.<DM$&tt* jg 

[ 0 0 6 8 ] A-Cl»Sft5. V T Z )V 

®ftmK?->te. i/4|g/hg^u>x^PL (i?r^ 

^^-yU>7T^LGa R^S^y^-^l/ > X3k L G 
b) JCct^T, ^xAWQSsb ? hffifctS A a~?®&J& 
ftSC. I t LTteHTS. U3^;UR_L<DlHmA 

^->^«Pai:^xAW±^)>' 3 ^ h^l^SAat© 
raT©ffl»etj^x^Y->^*t^TLfct^. «*fif. 



22 



Atct^i^tt, f? it L T V> S . 

[ 0 0 6 9] ^t, x^Y->^*^-e. Ut^^r© 

0^^^- >8H£P a - »>xAW± 

tt* A;^S^^iAC»UTYioy77*i^i:-j| 

^^Vr"C^©rS. f UT, ^xAWtt, P^K* ft 
10 S2$nfc&S I t»LTYi(0'7^ ^X^ftK-fc&g 
VwTgltS. ^SitVw/Vrtt, l/4|g*&I* 
U P L ©If/hit 1 / 4 fc&5£$ tlT^« . ±S7 

^ya-iH:lfc)ibt> U^^;i/RCDI3»A^ — >® 
^PaOffea*, !)xAWi:(D«»©$/ 3y ^«cg)t 

[0 0 7 0 1 0 1R^@2 lC^$nfcfi^7 7-rt- 
tt» 2fc.<D«fc -5 fc^m-V* X 5r y 7*7 > F U fcf — K 2ri£<B 

;pR±(OlElg&n^->fg«Pa<DJf««g$dt % 1/4 
20 &*&&U>X%:P L0>!b1& o » 

& £ * mwm i o fc^tt -5 uj- 2 )v? -r > h <d h d 
ajo^tt^i^^-fxjj^fti,, ^nt«tox. a^x 
fii^Tt i a©^«^@^a'^->^^p a k — arsi 

4 t. X YX 7^ — 3 4 t tt, ^x AWiiOv-a y h^St 

a. 

[ 0 0 7 1 ] U*>Uft*«^, fcL* »)xAW^gf©^ 

jc to -r a> \z&m-r * & ^ t£ * ^lAwobfA^^i 

30 fcfc. tf-f^gf->XfA3 3l:«t7Tg|^t$Ct 

*^^*^t» "totem* vi->7 frRm-emftmiE?:* 

<Hr^^ 6 - 2 0 4 1 1 5 ^ <h#H¥: 7 - 2 2 0 9 9 8 ^ 
[ 0 0 7 2 ] fcL. JPy^-r > P^<DJ^tt 

T? # -5 . 

[0 0 7 3] 02i:^Ki:^$nT^5«tDi:, ft^$ 

[pK C It* X * v — > 4f 

50 Ifi]lC*t-rSa-iJ >lf?j\iil\zlQ-?T<D?>.ftoZ.iiti<~eZ 
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CO 0 7 4) S 1 IC^<*nfcj£j£&tfJfcGD L. GD 
S^ntl^. B3U, l/4tt/hg^U>X^PLO 

ftfflrR^cftfisc Pa*JBj*£ns¥®JLTfl!>&£i& . io 

tOO 7 5] BSS^figfSt, &j£fcaj£GDCfcU 
SGD C 1 RtTGDC 2 tt, tti # -f > h (#ffi6U*> 
fcffcS I (Dftfi^ ^#^r^5igjg|L L c _t fc&@ifesfr 20 
ft*SnfcftS IBS, l/4«^g^l/>X«PL©PJ 
5. :tl50^HiigGD,Clft^GDC2ll> »)xAW 

CO 0 7 6] tiSttH^GDLtt, *Hi£0>IC*5 

V>T, 5O(0ftfflgGDAK GDA2. GDB 1 , G 
DB2, &i;GDB3§fi^.t^$. ^fflgGDAl, 30 
G D A 2 » GDB L GDB 2» RtfGDB3«U *rtl 
•etl. ^ttJ^-f >h (^tU^«> FA 1 , F A 2 , FB 
lv FB 2 4 &tXF B 3 &mz.T^Z>. Ifc ffl 2IW > h F 
A 1 „ F A 2 , FBI. F B 2 * R^FB3lt 
L L c fc¥fx&ie*fcL L a IC © ife 8fr £ *l T lr> S . Jin 
^©5^0tli{H§gGDAK GDA2, GDB 1 , GD 
B2, S^GDB3©^^tt 4 Silt, ^iAW 
fett. ffim^U— h & H R S ) OJ:®rc^{t-53};<>K 

<*>££fi:©^&<z>jij&¥® fester * 

CO 0 7 7 J IlfiLL ctililLLatt, X**~> 

<^ * . 2i1t. fttilSGDA 1 <D ft £B 2}? -f > H FA 1 
^HigGDCl©^ai#>f>hFCii:li, X;fr|SjC:fc 

^t. ^^ecji-^ ujggstmici&^snT^s. 

fttfiSGDA 2 (DftfcBtfO h F A 2 £ , ft ffig G D C 

2 ©ftta^o h f c 2 ttt, xumiz&^T. mnm 

C0078J 3^®^HiSGDB 1, GDB 2 , RZfiG 
DB3(D^m#^>hFBl. F B 2 , ft F B 3 . 50 
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* b y y ^^©^fcttg^^oaj^^nfc^s i ©8** 

t»* ftffi#>f>hFB2tt> e$n)5:ftSI (Di«|(D 

FBU^FB3tt t esnfc«S I <OX*fotZ$V 
^©fcfc. 3 0<Dftto#-r > h F B 1 , FB 2. ft 

fb 3 ^iit, esntfts i m&tztt*~?z> 

CO 0 7 9 ) 0 3l:@^$nTV^Vii^^(ll«GDR 
fcfe, 3 :?«>4fc§**ftfflSgGD E 1 „ GDE 2, Ht&G 
DE3ti©2ootljllS&GDDlftO:GDD2 
ZTUZ. ftfflSGDDU0:GDD2H: 4 5fcgfc*ftfii 
SGDE1, GD E 2 . RrXGD E 3 fl5X^^J0Dpf«JC 

IC^^Ttt. 12*B©ftfflgGDAl. G D A 2 ; GD 
B 1 . GDB 2 , DB3 ;GDC1, GDC 2 ; G D D 
1. GDD2 ; GDE 1 , GDE 2 . GDE3i:«fcot 

sfc. ^ai$nfcjn^^n^i?uic^e&@i: u 

X * 12® 0 ftftt #<>hFAl, FA2;FB1, F 
B 2 . FB3;FCh FC2 ; FD1, F D 2 ; F E 
1> FE2, F E 3 -Cftffi S n/t xAWCtlift $ & 

t 0 0 8 0 ] 1 / 4i^ft»^>X»P LO*.]J«|6#i: 

i^ntn&t^e^ -t^u& i 2 ® cD^ftajst 
coo8i] 04wu @u^g3 nrc^^^m 

^GDL. GDR, R^GDC^^Otffli^ (^H<E 
) & ft 31 t5fcfe(DAF3>hD-;|/a-y h 3 8 <D 

— m<?> ? n y ?m m-z&z . a 4 ic^snrn* ^ ^ 

fC. ^^*i^ftHl^GDL©5 00taiSGDA 1, 
G D A 2 „ GDB 1 , GDB 2 . R^GDB3A^0^ 

tomato? )v-zr ii^c^aj^GD r© 5 oflo^m^ 

GDD K GDD2, GDE K GDE 2 t RO^GDE 

3 & *> <n&mmn<o p )i — 7<d ? ^<d — jsnsfn,--? 

tie. 

CO 0 8 2] 3m;L[5i&5 0«:. fe©^^©^ (fig^E 
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2tt, !)xAXf-y3> hD-7-3 5 J&> £ 
©Xf-'/a^flStl^^t. ^xA*^— y340 

—>?®Wi^ fan-* o>&W)* fatted (o&mis 

®&sott* fij£&m ^ g d l a* e <d 5 o<0&ani# £ 

[ 0 0 8 3 ] Sttfcltf (&B2$nfc» S I ) EBST*3fc 
K*tftHiSGDBl, GDB 2 , Rt^GDB 3*^(D^ 10 

tt. & 2 COfh^Rtf afca^ 5 6 IZ % 3 ^(Dtfttotfl > 

A W<D;gE®S|ia<Di&j&g|JgS A Z f Jl/hSIiAT 

DTI. DT 2 
[0 0 8 4] — 2? > ttltiSG D A 1 Rt^GD A 2 li, $& 
2 ©ffSC&tfiateSEfr 5 6 t£|gZ A 1 <fctif*gZ A 2 
££#*&T*o ftZAltt. ^HJiUOhFAll:^ 20 

tt co ass $fa:@ (-rfc^s* n,&Tn) 
s. wizia'tt, ^tia#ohFA2c^ttsi®o 

Al'R^fiZA©ftia(t 3 OO&fflgGD B 1 . G 
DB2. RtfGDB 3 Ck^^xAtiBOftiatl^l^l: 

ff font V>*. 

[ 0 0 8 5 ] ^H^~ 9 DTlRrJtDT2 t. if & Z A 

iRC^z A2t, lfcffiS©flS<Bttttte©lllfc<i:fc&r*^ 

T. Sg 2 COfh^Rtf^telsigfr 5 6 fct, Y^ISI ( X * ^ - 
>^^(R]) KIlUT&^gTfc&glC^SgSnfctfefflgG 30 
DC lfttfGDC 2Wtfem^'f>hFC 1 R^F C 2 T 
&ffl£n£'<^^:rAW<Bj5$&©Gr>eS$|[ A Z 1 fttf 

AZ2§in-r5. m 2 <Dmwx.zfiu&m& 5 6 tt. - 

[ 0 0 8 6 ] &mm A Z l&^AZ2©t*tt. ^©1 
A 2 T^tirC^^ft £ nfc £ :t A W Si*fc<Bti 

ii^iz-hSSHRS) <o^®®j&t, ttfc-r&myt&mT? 

©^ffl^-f >h FC lR^FC2l:i!t5i:f I:. & 40 
mSGDC lfttfGDC 2lC«tottlllS tl if fg Z C 
lfciSiZC2iii, Bit AZ lR^AZ 2lCf nfn 

Z f ^JPh^iiATxIt S^ttST-feTa £ ft*. 
[ 0 0 8 7 ] ^^*$nfc«>xA±£DYj(6ll: 

rzmmiz. & 2 &tesg& 5 6 £i$n 

fcSSlAZ 1 Rtf A Z 2£SS3O§fJ?R0C|g®it5i&5 
8 Cffl^TS. 

[008 8] Lfctf^T. 5 2*^ffl^I$ 50 
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nfc!^SS2f:gil / T 4 IS 2 ©if-^Rtf ©tg@g 5 
6tt. -^WCEtS$nfcifS«lAZUt):AZ2Si 

rm^&m z s 8 tzmij-r*. Em 

HAZ U^AZ2^gtHSI^tt, Y^ffiCfcttS 
ISLLa tggfiLLc tCDKOiHi. r)xAWO 

fc&K* m 3 ©ff^&tf ffig&EB 5 8 tffl^$n$. 
[0 0 8 9) X**->^;fri$jfc:*3ttS. &B*#S I CD 

ns^c t^ss2*ttfi^$n5ft^tf. @3i:ss 

£ ^ffil (Wxtf, 4 0mm) & . I <D (g (fcj 

8mm) T^^T 5 ei tKl«t oT^^n/tS:{C5k*lSrS 
— £<*>&<Dfc SJfi) CDBg^AZ IRtfAZ 

2#, |g 2 <&fH£fttf 5 6 fc£i£Sn<5. bfc 

#^>T, 3* 2 Offr^Rtf ^tel»m 5 6 tt, 5feXn5feWU 
(FIFO) ^ftTSSfi A Z 1 fttf A Z 2 £atg-T* 

[ 0 0 9 0 ] SS 3 <Z>fH*Rtf!gI&[3» 5 8 tt, tigg^ 
0K52^^Oi#SS3i:«:^Ut. ftfflgGDCl 
RtfGDC 2 Ki-pTtftffiSnfc^xAW (Sfcfctt* fg 

tfcttiW&Z C 1 C 2 £E£*I&*. ^©it^lz. 9t 

K*fiit^ia$nfc«)xAw±o®«3!)i, 
(tt&sn.fcfes i cote©) Kum-r*. 
[0 0 9 i] its v>&&Rzsmmm& 5 8 

IS 2 ©fUSCRtf at£Ie]g& 5 6 * 6 Hi* <*n*: 
IC**J*-TS) @gf AZ l&^AZ2fl)T-^$^*ffi 
-5- ^l/T, ffl 3 <Z>fH?X.tf Slfcfpm 5 8 . &tiHf£g 
ZClRtfZC2 tigiA ZlRrXAZ2tKlS^^ 
T> Si C^$nfeZ-iif-^-3 2A, 32B, 
Rtf3 2 C tZttJ£TZ>mWi& (gSii(D§^i|t@gS 
©S) tHLi:«t^Tft£t5. ^3<Dgf^ 

Z-®it-^-32A, 32B, R^3 2 CCHi^t 

[ 0 0 9 2 ] a 4 OSt A/t'CijJS^fi, S4CD®£ 

[0093] ms\t. sit^snti^^iA^ik 

/ 4 $g>Jx&§2 1/ P L cofi^®^ c P o^V® ic&S 

&££*l"0> ^xAWiO)^S0y 3 y h 
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f NTSftffi l/t * x/N*;^ — WH Ji£te@jfe8&$n 

iS K & <5 £j£&ffl3j?'T > h F A 1 (JfcttFDl) 
S#ttS<Di£j&lfcaj J&GD C ©tfcffltf^ > h F C 1 

( 0 0 9 5 ) &Vt<Dm®j7 h BH R S 

FDD tftflslW > h F C 1 «u SBtt^jtB&y s 

[ 0 0 9 6 ] .kOIftWCait^t. ->iAW(OISS 
t^ttOMSd^^ — hS5HRS©^®ttt, tfc til # -f > 
hFAl ( F A 2 ) „ FC1 (FC2) , RQf F D 1 

(FD2) K**JST*fcm*gBrt-C % S^C^U^-^ 

Hl^U-hSHRSOKIt^tt, «JpO (->|J3» * 
xAOfiit^tiUg^A^S^tt^Cit^^tn 

CO 0 9 7 ] jc/\3^;ir^r — WH±(D) «>xAW*t, 

f£j£4ftixlft G D L tiDttljU'sff-f > h F A 1 . FA 
2; FBI. FB 2, FB3tt. ->3yhBH£SAlfc: 

Ik G D L <Z>&HJ#-f > h $ n-s utm 

LLatOffl©SBi^, DLa^U £ . J|L L 

ct. fe^^flj^^ai^GD RCOfcffiijW > h#E@$ 

V>Ttt. DLatDLbtt, DLaitDLb 

K^ttg^S^^Sta^-r^ODfcd^^SjlS^rra A t 
te. A t =D L a ✓ Vw -(&) fcfcoTH*. Ifc^o 
T. S 4 IC^^nfc^ 2 <DBtW&&mfe®& 5 6 Kfct,* 

C0098) L*> L&at^. ^|DL a <h S§ ® D L b ! 
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^DLbC*Kft6ftv»J:5l:lRt5J:5Cl/Tfe 

it a z i a z 2 <z>&%<Dmmmmtt+ &&&&&& 

[0099) ±J£Lfc«fc5K3|fifc$nfcSgl ©fSJgfltD 

io ^x/\w©^a'>3yh^^sAi &x*r=.>?&yt 

T&ffl SnfciattOMt&T/U-- h S5H R S CD _fc«3*M<D 
ttfii&C^^ x/\W<Z)±fi| Sit*, fc^ UT^ 

[0 10 0] a6AfcV>L06DK*3^T, *?7-f> 
BFPtt. l/4«/hg^|,>X^PL0Sg&I^ffi 
<£^LTtr>*. > 3 v h^«S A 1 ^TtftfcB > 
h F B lT^xA^ffioz^fafc^ft^teS^tfem-T* 
tfcffl&GDBlfclU ¥MBFP{:^ti^xAiIOZ 

iRjt^ttsftg<o^n$tftai-r<5^ajSGDB2&afG 

D B 3 fcfc. SIA Z B 2 fttf A Z B 3 £ ^ ~T ft tiMT *| £ 
tti^-rs. «>xAi®^igfej|^f BFPiOfeTC 

cnez&@sn©#^tt % 

Ttt*. ( >xAl®dtiIftMiBFP«fcOt > 
30 [0101] CnSO^HAZBl, A.ZB2, RtfA 

zB3©ntt % m 4 c^snfci i ©».fic&ocate@K 
s 4i:A^^ns. s& i o^^c&^att@a 54(1. : 

h^«s a i Jc^ft^^^^$nfe^^±^(D k m 6 B 

tifc ig&ffi a p p (JS&fct. i&M&m) £^*r&: 

— @6 Bic^^n^j:^»c, fiiaffiAPP© 

iMliAZftfj^SIiATx-C*^. dC0«t 
^ C UTth^$n/I:^^^|IS A Zftn h^iiA 
10 TxOUtt, 7-^DTlR0!7-^DT2HT, ffl 
2 COtfStRCXaitHK 5 6 Cm^Sn*. CODllteWlC 

^fe^T. i^iiSAZfii, *>3^i«sAiox 

[0102] ^fflSGDBK GDB 2 t R^GDB3 
GDA 1 RtfGD A 2 li , ^ tti 4? <> h F A 1 & ^ F A 

ii^U-hffiHRSOii^ZftSSiAZAl 
0 AZA2$@^|:^tBr5. :n^(DS^AZAU^ 
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A Z A 2 tt* S8 2 ©fh#RtXem®8& 5 6fc-B£&J£© 

[0103] C © Hi ft % ® 6 B tZfxZtl 

fc«fc o ftUm A P P ifi. 06Cl:^$ftfcJ:^&il 

0£fc*«fc5c:. f;H8liATx = otfti 

51 2 <0tf#ft 5 6 T-^DTUU: 

DT2 (SHIA Z f ft A T x ) ftiti#*f>hF 10 

AlfttfFA2-C3S&£BJ3£$nfcZ&SK3tAZA 
1, A Z A 2 '>3'yK«H«©tt>*3j?<>ht^m^ 
-f > h F A 1 fttf F A 2 <D^* X 05 fnj f£ £ -5 

SUDS tlCS^^T, ftffl^-f >hFAlT^ffl$n ' 
5<^Zft|IBg{|AZlt t &m#-f>hFA2Tft 

a^ns^fzttgggfA z 2 t 

$H£ltgJiiT* ffg<* tilt Z tegSSffi A Z 1 ft 

t*AZ2fct. — i^fMCS 2 <Ofh®RlXaig@5» 5 6 £S 

[0 10 4) ->xAWJ:©^^»$nfc®«t^S^fiS 
tZ®mis1t£Z . B 4 £5*3 tlfclg 3 <Offr^fttfffi®> 0 
^5 8*t, tfcititf-f > h F C 1 RBCF C 2 -COZ&SK 
H*^ffiT^fe»e>IC» fttHgGDCUtfGDC23i^ 

-f > h F C 11?OZ&g^|§^^-r^iU<M^ZC 1 £m 
-^ v ^HiggGDC2tt. &fii3iW>hFC2 

-c© z fi@^Hi&^-r^timt^ z c 2 ^aj^-r*. 30 
[01 0 5 j & 3<Dst&Rzfmm®&s s 

ttttlSG'DC 1 ft GDC2A^ftJ&$n-5ftlili^Z 

cift^zc2ot*t, ^nfn, jg^ uxm 2 con-©: 
&tf£ti@&5 6'^5ftj&$n5ZfigagiAz u 

3 ^>C7) Z -7 ^fal- * 3 2 A, 32B*ft 

^32 cffl©®is$tn[i*5. sn 3 <Dm&&zfmm® 

-7^f 2 A, 32B, Rtf 3 2 Ci:i«&t 40 

[0 1 0 6] OxAW©±SO->37 hitit SAlli, 
^*l£<fc^>T. &&fci£&® B F P K-ffc 

[o i o 7 j mi ommmiz&rt * ccda^o^^ ^ 
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<httK1£-C&*. ^^IMW^GDL (GD 

R) l:feJt^^aiSGDAl&tfGDA2 (GDDlft 
tfGDD2) S3tfigI^HffiSGDC UtfGD 

C2 tOB©^Hit7ty hit. SfOfcftC^xAW 

[01081 *<Dlt&. ^iBSGDC 1 n<D&&^ 

nsrtfcta^rs z^facfcttsfcstest* ^ibsgda 

1 (GDD 1) ^if n^jij^SH^^aiTS Z^IrJIC^ 
** £ $ & S <t CO CD :7 -fc y K f| £ , :r A * ;i> $f — 

-e©^^, Z-T^^o.X-^32A. 32B, & 
^32CJ>t, S3tfigM^fflgGDClR^GDC2 

icefc -3 T^m sn/tzftusics^^Tiisns t 

[0 10 9] *®%W<D^ 2 ©^jteWC^fcS^J&Rtf 
If! 2 CDH&^Cga btti, l/4fig/h&g*U 

p l copj^o^^c^^n^sj^ifes i a*, y# 
^<D^jvb<omm. -rfcfot^ e?^>^ («sn) © 
[oiio] s^ttis^^^aiSG d c i (m^itr) 

II^^WSGDClfi, 200^ffli]?<>hFC 1 a 
fttfF C 1 b$j|^T^5. ^«l3l!>f>hFC 1 a fttf 
FC 1 btt. &m&S I «tO±TY^|pli:^UTgfil 

LLc$i»^ttT^ii:Eii$nTi^. -eur. 

^-OOl^fe^ijg[^|lJgGDC2 

iftft^nxu^. @^&si££&amGDc 2 a. 20 

0^iti#-f > hFC 2 aR^FC2 b^filT^i. & 
Hi#-f >hFC2 aR^FC2btt. g^&s UOT 

*I^ftHJgGDA2 O^^-f) t^lfttt^nTti 
^. ^^^ij^^aiSGDAltt. 2 OCO^tti^'f > h 
F A 1 a R .F A 1 b£<g*T^<5.. ^ttJ^<> hFA 
URtfFAlbtt, Y^[pJ|-i5^TS«lLLa$^i6 

£ L,T*micffig£nTv>*. 5tK*ijs^aitgGDA 

2«, 20©^^^^ >SFA2 aRt/FA2 b^Hit 



( 17 ) 
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TH*. fcW#-f> h F A 2 a A 2 b Y#|$J 

*. u^ij^ttiiSGDDi (a^-^r) t 

tr>5. ^K*I^»WgGDD ltt, 2 O CO&tfJ # < > 
h F D 1 a&^F D 1 bSfiAT^i. ftia^OhF 
DlafttfFDlbtt. Y^lflJt^lriTSfiLL b$t> 

D2(i, 2O0ftHl3R<>hFD2aR«FD2b$i 
^.T^5. ftW3l?-f>KFD2 aR^FD2btt» Y # 10 

C 0 1 1 1 ] 5feK*iM«igGDB n (n - 1 . 2 . 

i. 2. 3) (B*«ttr) ^fc. fti*&ftTt> 

JcK*iMUlgG D B n tt, «»W©*IU#-f > 
H F B 1 a * FBlb:FB2a> F B 2 b ; F B 3 
a, FB3b*fiATV^. 5tg*l^ttffigGDEn 
tt. ft&^^tttti^O^FE 1 a» F El b ; F E 2 
a, FE2b ; F E 3 a * F E 3 b'SfflitTliS. ^« 20 

co i i 2] B7fc^snfetjsnftnj»tt, 

i ommm t mm^^m-c. t77^'>7tt : ingGDc 

1 fttf G D C 2 ttfetflsSW > K fc*V»T. &K»3nfc 
SfiAZ 1 RtfA Z 2 ) g»4T5'. JtVx. 8 

Rl ig t o T t» s . 

CO 1 13] d^^te^n^^-r. 5fcS**itgj5&ffl&G 
DL (GDR) tS3t&Si^^tli^GDCtH:, Y# 

<Otftm^-f>h (FAnatFAnb : F B n a 2: F B 
nb ; FCnafcFCnb ; FDnatFDnb : F E 
natFEnb) ! $|^TU5.:t*6, tfy^>^^r 

Tyfcfc. Y;£ft|;:;&t>T*g»tt£^j£T*tetfJ#-f > h 
( - • * • . . nb) ■COZt@Si©KoH^ 40 

BMAZA1, A Z A 2 ) tt. t77^yXftlll 
SGDC lRtfGDC2<Dtfctfi<}?<>h (FCn a fttf 
F C n b ) T?ff -5 . 

(OM4]03lCi$nfc^{a#<>hFBl. FB 
2. R^F B 3 -en&&®Z&m?Z>1t&<D&to&GD 
Bl. GDB 2, R^GDB3tt t l/4|g/hg^l/> 
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:n 5 3 "PCD&ajgG d B 1 . GDB 2 t R XS G D B 
3tt. Sfi©»ft|^>Xl$ILT. &ffl#-f>hFB 
1> FB2, RtfF B 3 -T?M&&m*:&m?ZJL o C« 
«t5:t*tTt5. g 5 E^S ftfc&aj#< > h F B 

1. FB2, & ^ F B 3 "C j| J& ft S^^tUT^^^d) 3 
OG>ftffl§GDEl, GDE 2, & G D E 3 CO ^ ;P — 

CO 1 1 5] H7K^£*lfc6:DGr>tftaj3i?>r> 

s 

h F B n aR^FB n b ( n = 1 , 2. 3) T&j£<£@ 

60<0»m*^>hFEn aMFEnb'ln-l, 

2. 3) Ti jk&SSr^a-T S 6 OtB&fflgCDfllCQ 

LTfccfc *<D*:«e>fc, » CD tfe ft # < > h 

• * 

[ 0 1 1 6 ] @ 8 fct, 0 7 T?Y^|Rj-C^.fc % stei^x 

t^fflstorao & m w & n « <?> j$ & a 0 t & -5 „ & m 

S«» H7l:^Snfc» 6 ^CO^ffl3j?< > h F B n a R 
CfFBnbCii-1. 2, 3 ) £ . 4 OCDtfcffitf-r > h 
F A 1 a » F A 1 b » F A 2 afttfF A 2 bt IC^U 

0 7 <Dtv^«A/fecottg-cx^^K:*iuvx--^rce 

BStlfc 5 o®fftffi3jt r r > h F A 1 a . F B n a (n = 
1. 2/3) . JSijf F A 2 a if* * asi:fttUT^$n 
XV^. t>p l^C0f»lO^ffl3j;<>hFAl b. FBn 
b ( n = l, 2, 3) . R^FA2btt, (08 CDffi® 

c » L r at x T s'^r'A ^ ^ x ) 5 t> <d ift hi sjy-f > h f 

A 1 a v F B n a ( n -1, 2, 3 ) . RtXF A 2aC 

CO 1 1 7 J B8 C*£tlT 3£Jg» (^^. 

tf, fgafc^'T K , u — tf 3T — P . /\ny>^ 
&ttH?93t^^8 0 AA^(DlW3tI LF 

1 OfiiD/hZ'J y Mi, ^xAW 
C^SStlfclOiao^lll^^vhFBna, FBnb 
( n = 1 , 2, 3) . FA la. FAlb. FA2 a, 
Rtf F A 2 b JC»JSUTEB$tlT^ /JnX U y h CO 

ft^t'tt^'jXAssAi^oTiiRijten, 

C 0 1 I 8 ) SS^^^^ 80A, Ti^X'Jyhyi/- 
S8 1A. 1/>X|82A, 5ltt8 3A, K®U>X 
84A. Rl^^UXA85Att. » A St ft * -f ^ © jft 
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B2a ( F B 2 b ) X£»S *l * * X U y 

[oii9] *x/\w±<o&&m#< > h-esttsn/t 

*X U y htSftft^SStftWU XUXTA 8 5 8. U 
>X84B, K»i83B. X^l/>X^ 8 2 B 
X. §3t7'Jy h^U-M lBtS^ISft$n-5. y 10 
UXA8 SB, »ftU>X84B, Klt & 8 3 B . fttf 

l^>X^82Bll > f*S&&aU::*frLx8l*aStffci;:Ei§ 
?nt^5. u v V ~f\s—Y 8 1 A^ca^t 

6 nfci&S/hX 'J y ht»)5LTES$nfc 1 0 © © § ' 

ritsnx^s. cnec&STtfflo/hx u h &fcm^it 

[0 12 0] §3fe^@8 0 BOjggc^Tt^tfrtti^^fc U 
T » 1 0 ® 0> »>:x:/\ JrCDtfeffitf-f > K 20 

TCD^I^^g^® * KtfcfcBXi* 5 «fc ^ fc, SftXUyh 
;/ U — K 8 1 BO(hX'J jr K<Z>te@K:2tJc:LXStt£n 
Xt^S. §)ttia8 OB, S3t7»Jyhri/-h81 
B. 1/>X«82B, R&&83B, 2* U > X 8 4 
B, R^^<JXA85BI1, &Att3t*^ ^<Bji,&fttiJ 
^-f K«)S3t^i^LTl^. 0 8 C jK^tlfc^o: 
AW^^SJtX'J^ h^U-h8 1 BtCOj^^^^CD^ 

> h F B 2 a (ifcttFB2b) Ji^SitX 'J 30 
-Ml BKfa>?jft^WfeJgfc>t;KR S f £3tUTlr> 

[0121] as ic^snfc&g** iz&yt&n* 
PL<Du>xnu)i est tan j: -5 trass ti 

y K fcJU i/4H(hft^l/>X«PLOfi»|Bi:eii$ 

a. FEnb ( n = 1 . 2. 3) , FDla. FD 2 
a. F D 1 b » RtfFD2bT, M & m * \Z&m 

[o i 2 2] a7^^$nfci^ia— ^oD^ai^<>KF 

ClaRl^FClbt, §l!iS-»0^ai^<>hFC2 
aR^FC2 btCllt, 0 7 <D Y # fa (08ODSE® 

£Wr*&Att7t*-f <D ji £ & ffi ~ * h « % l 
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#X#S. 

[0 1 2 3] *i!fSE0ai!i^£-fc-&/'^;p K 

a > h D — * JK'iPXJfl ^nix^t - >^77-ft- 
S 9 l/T*i%WOS 3 ©^jfcflfc 

xiftw-r*. znmmwtt* ^t^it. jAtf, ®s 

-i V > (Dyson) ? <i -f to (A^r-f t^h'J^ 
(KSt@$r) ) ft«e»*^2SlO^V> (Dy 
son) ^-f X<DJ6^j|g|fe^ £ >fA0© 

It. D3®&MRl££<§;5cXU;5. SS2&S©^-fy 
X©ftj^»&^H: % -JtO^U 7 - PM 3 

RCXPM4t. P>X«PL2t, EJ®£lMR2££<I 
*-<D«fc a^T^-r^- — flIAtf, (Swa 
n s o n £ lC#^$tlfc) *S^flFf| 5 „ 2 9 8 . 9 
3 9^Ci,TStlT^5. 

[0124] 09i:^$nfc77<t-i:^^T» * u 
«tttait & n ^iz-hPtu, ^t.yy^ioo 

tr — JC^^f $tlT^5. IX (I* — 0>&4S) <D&jg£ 
>t^^©S^^^lC^UX@ 9 TlT + t 'J * 5? 1 0 0 

^-tCioT, *7X*MlCS&*t — >f*. 1 

[0125] C <D ^-f 7 =7 *t — ffi ©&^7t^^© 
^UXA$7-PMl0Alt®tTX^M0tM 
<t©fB^t, y | JXA$7-PM4fiDHlltIt^l/-|v 
POlItOKi^l/hElCfj^tC.tO, JS^ttfig 

(S^ ©iRIIR^Ife^^ A h->-3 > (»2i^) ) (75^ 

iAX lR^AX2±l:E®$nfel/>X^PL 1RCX 

&^^T<5fc*C. y'JXA$7-PMU?X^Mt 
OK0>K|®t. ^UXA$7-PM4t^|/- hPt© 

[0126] £<D4*&£:%l£LX, ^ ©ft^ t;«k o Tft 

&0^;Uh®©£-r£fc«H;:. ^l©HM09 (@3) ^ 
^20^1^ @8) (DJ:7^S3tfi@t77^ 
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£0. 7 r l/-hP©I©,i:i®^i^ i BFPt$^ij 
*A£^-PM4 ©&T<BgftteBTIE#C — 

[0 12 7] £ fcfc v 09C*snA.J:5i: t 

uxas "7 p m i £**-r *§3 9i?fc i L-cggesns^ 

C0128J LfcatoT. 0 9 C^^n^:7 7<f t-C 
CO 12 9] 09i:gJnfc77O-tt t 77^Mt 

S^7tf^l:»LT7X^MXo:ri/-hP 

to i 3 o] 0i os^srst, «@#*-r:/<Dx* 

*->#~7 ^ 4 1- — V>±frifi. 0^<-712OA±l: 
W^T^S. H£^-X120Att, S^-Xl 

KSSg$i^fc7D7i:ES^nt^5. 

-Agl 2 1 Afttf 1 2 1 Btf. £B2f|*) (Xsfrft) iz 

4^*r-5j;3jc. s^^-x i 2 o A©pnasc:ait5 

ft T tr> £ . TX^Md^, If-f ^Iz-Agjll 2 1 A©rt 

- a & 1 2 i B©rtiictit6nt^5. ^(otttt}. m 
□ K 7 u-a& 1 2 l Ai:g^$nt^-5, u- 

-f K 7 U - A gfc 1 2 lAOCOHaSiCtt. 
H I 2 2 Oigffi^H^oj: ^ C*A£ftT»ft. lii 
-yhl22tt. S3t«<OK^7t-eTX^M£Bg^ 50 
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CO 1 3 1] ! 23*t. 1f< 

& 1 2 Ut 1 2 1 Bt©ig7?X*t->^^|^ ( Y:fr 

ft) 3 e % ig^-^noAcaiten 

23B ^« 2^K¥fx& Y2f|6jfc#g-r* £o t % 

F ^ ~ X ® 1 2 3fcjg«SnTl^. )|@f^ t ij r ^ 

1 2 5 Y^ftKaaf*®,^** 5 c k 

y3?12 5tt\ 5 Ffr^e©$n^20U-T^-5'-i 

2 4 ARC^l 2 4BK:J:,T#Stt^|:Y^|RjCffi©$ 
n*. 'J-7t-^-i24ARtfl24BU, K 
"<-X8l 2 3CH£Snfc0tfJffljttl^. 

C0 132J ttSf^t'Jy5;i25H:, ^ X * fi* * 
' J * ^ B 1 2 5At7*^^+t'J7xSl 2 5Bt 

-r^it^rinjtc^jJt^nTir^. 7 is- h y v y 

A& 1 2 1 B ©rt^-C^iiC^lfilJC^tfts nTV^. 7X 
^^-y^ 126Ait, ^X*&*rUyv&125A 

efttr&nxiris. Tx^f-yjn 2 6Att, 

x^M^bfi^ii^, @£ (0) ;frfie 

^^-^;H 2 6 Att. VX^M£ffi& Lfc**S. Z 2f 

I^-hXf-y 1 2 6B^, ^1/- hfi!4 V 'J 7 >?S 1 
2 5 B CStf 6*ITV>*. 7'l'-^f-yl26B 

ttY^f^rc^i^- s p $t>r^ en* as^a. 0 

& (0) *^i:yi/-hP^t>r^i:a^tct^T^ 

«^bft:*t6> z^^ey 1^- h pstor^en^-r^ 

[0133] Jbig Ufc^ra^ 8 - 1 6 2 4 0 1 C|^$ 

tf , 7 &©) rix (id j iE^«^-f zr<o?7)vr 

-f y > (Dyson) X ^ fpl ic It £T S ^ I$I S 

g-T S C t iz J; o T^fiJt^ tit to Z> . ^Scia©^^^^ 
-ry> (Dyson) t--> >^(*JT-#:Wl:fi 

S^Tt^^P Ltt. »JplUfc^<F7U-A®l 2 1A 
RtXl 2 1 BOlfiJ^^^eiTt^Ctl^oTHO 
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[o i 3 4) a9cs$ntir^«t3i:, &j^)t^^p 

DC* , GDL' . R^GDR* ^?X^MCSt5«t 
IfcHJ^GDC, GDL, RtfGD R&X V— V P IZM? 

z£o c y h pmtzwurt ^nrus. $fcg*j£,6& 

Ili^GDL, GDL* , GDR, R^GDR* C <fc o T 
(Dys on) ^<Di£g££^rc — Sfc^T^Jz^Jca^-r* 

I0l35.lBiitt.Bl0 iz^ts nfc£^ft^& p 

L CD — ^V^CSJt^nfeV^^M^ODH^^tli^G 
DC* . GDL' , ft^GDR* O tiitti & <D U -1 7 O h 

o-«o^agi?«>5. «&fi©^y;u^<y> (Dy 

son) ^©f ^^Jft^SffDF 1, DF2, DF 3 , 
DF4. DF5 X**- > ??jfa\zm.$Z 

S. #^«©&^«&D Fn (n-i, 2, 3« • •) 
tt» §R^tSWO^^J^<y> (Dyson) 3fc G> 

[0 1 3 6] ^X^NH»Kl®**£nfc&S*®&DFn0) 

* a* . ai n:B^$ntw5^ 4 xu — h pm<D&m 
&&*>mvj:o cEtsnT^s. 0g*«r, mi 1 

R 2 bSr^tr. b 9 tifei a ^^;p^-r y > 

(Dy s on) ^lCJ:oTH^$nTVi5. &^&^D 
F 4 fct . 29iD[Hlffil|MR4 a R^M R 4 b $^tf 
;i^^-Ty> (Dyson) IICioTI^^nt^S. 

CO 1 3 71 01 llCiK$nfcJ;5K. 5fcSg*&£fttQ 
^GDL ' JB0>&tBgGDAl* . G D B 1 * GDB 
2* * - - , G D A 2 (GDA2* .tt0HI:S$n 
TWfclrO ^S*j|jS^tti^GDR' ^(D^ffigG 

DDI* , GDET GDE2* - - • , GDD2* 

(GDD2* HBl lC^^ntl^^) ggto[> 

fttf&5<a) i:fig$nxv>5. 

ttiSGDCl* RtfGDC2' (&tfigGDC2* tt. 

(0 13 8) ±&i,it%k*L&mm*>&* £ 

* # . 4g ^ ^ tB S A« , 7U - h P & &mi?$z>£o 
fc. E« IC . i^fttU^GDC. GDL. RtfGDRC 
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[0 13 9] SSca<D^^;^< y > (Dyson) £ 

<aa* <o#^Wfe#tt£®giTsTsfc«D<DfigJ8KD 

lft^KD2dt, 01 l tC^Stl/t&g^^&P L 
—>>^©1*-r KgCgJ* 6nTtr><5. *<Otti6* h 

^Wfc&fcSlffitCioTB 1 ICDZ^IrJ 

£*5v>Tgfl: Lfc& s tf, z ;frffittg£®i&-rs««, 
m$nfcfc«e<jfc (3t^w^) i^t7t^ h£a£*r 
[0140] doaam, ea*.^ ft&ogss^w 

T&fcBfl^fcrj* UT Z Affile j£,£^*>-fr $rff ? c t*t T 
# * «fc 5 tc. e®FWlwgS©$n-5. ^ It, * !7 -fc y h 

[0141] frtz. *i%wi:^^t)5i4©^i« 

B 1 2 Sr#Hg l/TSd^t C^^^^tt; & & > 

**S&^g:)t£frDgSCSJ8i*tg£:fc:oT^S. Bl 
*;u^-WH^-c©a5^o>»f®B"i?*^. 

[0 142] ^S^TIP e £&Vl<?>±Wa£Z®?Lti]E 
U>Xf*S^L E 1 V>Xnv& (&&) 

ttt^GDL&CXGDR tSMSiMHl^GDC «t * 
[0 1 4 3J I$!g^||:J:,r^iAW(Dg®$?|t^ 

40 *tzm&<o&m\m i i 3*t, ^^a^^^-whcd^^ 

1 1 2tt. g£&3l£frr>g£2g t»tt*nrn«. 

[0144] dCD^Jg^C^^T. &&U>XX:P L0> 
50 «l:^iEU>X^fLEl(DT®Pet, 



( 21 ) 
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A*i^-WHi:gS/S:$tlfcft«:LQO«$Hq«:. d 

<r*:tdtt$5. f i/t, Oxa*^^— wh 

<0liffl«fc^itfc#/£3nfc&&LB<D&$tt, *J 1 0 

* >x c»^*r5»«^t^fc:^Jt*agft:L Q<omz a*« 

^LQOi§8U«kO^J <feO» [LQ] 
$1 19 «fc 0$1 t&oTH5. 
[0145] »j^tt&#i§*fiS$n*aEfl;L QcBgUfcK* .' 

fr^>TV>*. feU. L Q <D«I $ H q #/Jn $ l> & £ 

ustmm <z>5£j£t£at«4>*r * £ n 5 c x 20 
*• ■ 

[0 14 6] i^^m^GDL, GDR t Rtf G D C £ 

^^w^^-ryo^m^tUTH 1 2 Kj*£n & £ 5 & 

[0 1 4 7] @ 1 3H, &g^>X£PLGr>fri£K:E© 

ft^^&m&^tzjz^ T^nt^ft. 40 

[0 14 8] Bl 3€#jBt*fc. #7X:/n-,*-ejg 
fi£$ n*t »J XA S 7-2 0 0.jJt, fi«l^>X|PU 

Mas#jfiii0£$nTv^ e ^uxa$7-2 o on 

y«J XA $ 7-2 0 0(1, £!t®20 0 a&tf2 
0 0 bSilAT^S. £»® 2 0 0 a&CJt2 0 0 b®- 
SBfclv KfrLQICi$nT^5. 7"'JXA57-200 
¥t® 2 0 0 cR^ 2 0 0 d^i^T^5. 

a^^n^ e-A^sst sn^s tf-Ae. ^11200 

cR^ 2 0 0 d$I^T, 7*UXA57~ 2 0 0 ©^7 50 



XftCittr. ^UXA$ 7- 2 0 0fl t ¥£fc-b 

[0149] 7;^7'J-;h7*l/-h 2 0 5 ^, 

>^-^>XifcttR©J^l/>X 2 0 3 SIUT. 
$f-f*— P (LED) l^-tf-^< ^" — K (LD) <D 

£ 5 uytm 2 o 2 ^ £ © ( * x a wjb© >*x h 

(8IJ£) F An R?F B n *C *t JS T * Sc © SIX U v 
h'&* y y h y I/- h 2 0 5 CiliSnT^ 

2 0 7 C«t.9TK#Sn. fit, »^I/>X 2 0 9 H 
AS*>T. !7iAW(D±®fcX 'J y Kft^^filctStefe 

[0150] ^fel/>X2 0 9 IB — 

2 0 0 KAD* £»I2 0 0 al:J:7TItD5<t7C£ 
¥m® 2 0 0 c £M^Ti£#L QKAO* £xA 
W©^®^^86^ 6 Alt :nCJ:?.T, *xAW£ 
K6 1T^5. ->iAWl:J:ofi#.5hfcH-Att v £ 
»fflOfajff2 0 0 d$l7T7"'JXA5 7- 2 0 0 tZ 
AO. K#ffi2.0 0 b tCcfc o TC )&#©«*: 7lCKtt<**U 
7*'JXA$7-2 0 O(O±Sffi$i|7T7 , iJXAS7- 
2 0 O^^fflTiltr. C©K$t£nfcftfcr--Afct. 
V >X 2 1 1 £r »«|P>X2 1 1 ©®?Ltt©C 

EB$nfc£»57~2 i 3ic«totfiit$n5. 

I0151J £#$7-213 K«fc o TR#«**Xfc tr- 
Att. *ffeU>X2 1 1 Srffi^ TS^^TlRllCit*., f? 
tf. 7'JXA$ 7-2 0 0(0£StI 2 0 0 btfS!2 
0 0 d &<5TI*, Stf!7xAW$15t. ^xAWfc 
ctoT^^KItStl&^hr-Att. 7*'JXA57-20 
0OMS2 0 0 c tg»!2 0 0 a t^gtl*. fcf 
-A^7*'J^- 2 0 7 SIj8 l/t, 3t€lfctBg 2 15 

k A.tt-r*. Ttm^ms 2 1 s ^;p*x u * h ?u 
- h 2 o 5 tzttss-rzytz&x-r zm&v&^tztn^T 
3tt^itig2 i 5tt, ^-n^n. ^ai^-f >kf 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a focus and tilt adjusting 
system which enables high- precision focus control and high 
precision tilt control by a method wherein the position of the 
principal surface of a substrate in the z-direction is detected in 
the scanning direction, a direction intersecting the scanning 
direction, and a direction intersecting the scanning direction 
from the image forming direction respectively, and a focus of an 
image projected onto the substrate is adjusted basing on the 
detection values. 

SOLUTION: Forcus detecting systems GDL and GDR are each 
equipped with focus detection points positioned in front and at 
the rear of an imaging field, respectively, with respect to the 
direction of a scanning movement of a wafer W in scanning 
projection aligner. Seeing from above the surface (XY plane) of 
a wafer W, a focus detecting system GDC is equipped with a 
detection point located in a non-scanning direction vertical to 
the scanning direction of the imaging field of a 1/4 reduction 
projection lens PL. Z actuators 32A, 32B, 32C are driven by an 
optimal distance by an AF control unit 38 basing on the 

detection data supplied from the focus detection systems GDL, GDR and GDC. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The image formation system for being a scanning aligner and projecting the image of the pattern 
of the (a) mask on a substrate with an image formation visual field, (b) The scanning device for moving said 
mask and said substrate in the scanning direction to said image formation system, (c) It has a regulatory 
system for adjusting the focus of the image projected on said substrate, and the 1st detection system which 
equipped the (d) 1st location with the detection field. Said 1st location It is prepared in the outside of said 
image formation visual field of said image formation system, and from said image formation visual field, 
spacing is opened in said scanning direction and it is prepared in it. Said 1st detection system The location 
of the Z direction of the front face of said substrate is detected. Said scanning aligner The (e) 2nd location is 
equipped with the 2nd detection system equipped with the detection field. Moreover, said 2nd location It is 
prepared in the outside of said image formation visual field of said image formation system, and from said 
1 st location, spacing is opened in said scanning direction and the crossing direction, and it is prepared in 
them. Said 2nd detection system The location of the Z direction of the front face of said substrate is 
detected. Said scanning aligner The (f) 3rd location is equipped with the 3rd detection system equipped with 
the detection field. Moreover, said 3rd location It is prepared in the outside of said image formation visual 
field of said image formation system, and from said image formation visual field, spacing is opened in said 
scanning direction and the crossing direction, and it is prepared in them. Moreover, said 3rd location From 
said 2nd location, spacing is opened in said scanning direction and it is prepared in it. Said 3rd detection 
system The location of the Z direction of the front face of said substrate is detected. Said scanning aligner 
Connect with the detection system of the (g) above 1 st, and said 2nd detection system, calculate the gap 
between said 1st Z location and the target Z locations which were detected by said 1st detection system, and 
at moreover, the time of detection by said 1 st detection system The calculator which memorizes said 2nd Z 
location detected by said 2nd detection system, (h) It has the controller connected with said regulatory 
system and said calculator, and said 3rd detection system. When said field on said substrate corresponding 
to said detection field of said 1 st detection system is located in the image formation visual field of said 
image formation system by migration of said scanning device, said controller said calculated gap, said 2nd 
memorized Z location, said 3rd Z location detected by said 3rd detection system, and the scanning aligner 
characterized by it being alike, being based and controlling said regulatory system. 

[Claim 2] It is the scanning aligner which is a velocity ratio corresponding to a mask stage for said scanning 
device to hold said mask in a scanning aligner according to claim 1 , the substrate stage for holding said 
substrate, and the projection scale factor of said image formation system, and is characterized by having the 
synchronous drive system for moving said mask stage and said substrate stage. 

[Claim 3] It is the scanning aligner characterized by having the attraction section for said substrate stage 
drawing the rear face of said substrate in a scanning aligner according to claim 2, and the auxiliary plate 
section which surrounds said substrate in height almost equal to the front face of said substrate when said 
substrate is supported by said attraction section. 

[Claim 4] It is the scanning aligner characterized by be arranged so that a location [ in / among said 
detection fields / when the shot field of said substrate exposed with the pattern of said mask is in the 
periphery of said substrate in a scanning aligner according to claim 3 / by at least one detection field / in said 
2nd detection system and said 3rd detection system / the Z direction of the front face of said auxiliary plate 
section ] can be detected . 

[Claim 5] In a scanning aligner according to claim 4 said 1st detection system this — the Z direction position 
error value of the front face of said substrate to the predetermined criteria Z location about the 1 st detection 
system — One side of the Z direction position error value of said auxiliary plate section to the predetermined 
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criteria Z location about the 1 st detection system is generated, and — this — said 2nd detection system this — 
the Z direction position error value of the front face of said substrate to the predetermined criteria Z location 
about the 2nd detection system — One side of the Z direction position error value of said auxiliary plate 
section to the predetermined criteria Z location about the 2nd detection system is generated, and — this — 
said 3rd detection system this — the Z direction position error value of the front face of said substrate to the 
predetermined criteria Z location about the 3rd detection system — and — this ~ the scanning aligner 
characterized by generating one side of the Z direction position error value of said auxiliary plate section to 
the predetermined criteria Z location about the 3rd detection system. 

[Claim 6] The scanning aligner with which the difference between said predetermined criteria Z locations is 
characterized by being detected by calibration in a scanning aligner according to claim 5 when said 
predetermined criteria Z locations about said predetermined criteria Z location about said 1st detection 
system, said predetermined criteria Z location about said 2nd detection system, and said 3rd detection 
system differ mutually. 

[Claim 7] In a scanning aligner according to claim 4, by the case where the scanning direction of said 
substrate is the direction of Y When the direction which intersects perpendicularly with each of said 
direction of Y and said Z direction is the direction of X, moreover, said 1st detection system It has the 1st 
focus detector of the multipoint type which has two or more detection fields. Said two or more detection 
fields The scanning aligner characterized by migrating to the range of the size in said direction of X of the 
image formation visual field of said image formation system, and having become a single tier along said 
direction of X on said substrate. 

[Claim 8] In a scanning aligner according to claim 7 said 2nd detection system It has two or more 2nd focus 
detectors. Said 2nd focus detector The both sides in said direction of X are equipped with the detection field 
among said two or more detection fields used as the single tier of said multipoint type of the 1st focus 
detector. Each of said 2nd focus detector The scanning aligner characterized by detecting the Z direction 
location of one of said front face of said substrate and said auxiliary plate section separately in each of said 
detection field. 

[Claim 9] In a scanning aligner according to claim 8 said 3rd detection system It has two or more 3rd focus 
detectors. Said 3rd focus detector It is the scanning aligner which is formed in the both sides in said 
direction of X of said image formation visual field of said projection system, and is characterized by each of 
said 3rd focus detector detecting the Z direction location of one of said front face of said substrate and said 
auxiliary plate section separately in each of said detection field. 

[Claim 10] The image formation system for being a projection aligner and projecting the image of the (a) 
mask pattern on a substrate with a projection visual field, (b) The movable stage device for moving in the 
direction which crosses in the direction of X, and the direction of Y, and positioning said substrate about the 
image of said projected mask pattern, (c) It has a regulatory mechanism for adjusting the focus of the image 
of the mask pattern projected on said substrate, and the 1st detection system which equipped the (d) 1st 
location with the detection field. Said 1st location It is prepared in the outside of said projection visual field 
of said image formation system, and from said projection visual field, spacing is opened in said direction of 
Y, and it is prepared in it. Said 1 st detection system The location of the Z direction of the front face of said 
substrate is detected. Said projection aligner The (e) 2nd location is equipped with the 2nd detection system 
equipped with the detection field. Moreover, said 2nd location It is prepared in the outside of said projection 
visual field of said image formation system, and from said 1 st location, spacing is opened in said direction 
of X, and it is prepared in it. Said 2nd detection system The location of the Z direction of the front face of 
said substrate is detected. Said projection aligner The (f) 3rd location is equipped with the 3rd detection 
system equipped with the detection field. Moreover, said 3rd location It is prepared in the outside of said 
projection visual field of said image formation system, and from said projection visual field, spacing is 
opened in said direction of X, and it is prepared in it. Moreover, said 3rd location From said 2nd location, 
spacing is opened in said direction of Y, and it is prepared in it. Said 3rd detection system The location of 
the Z direction of the front face of said substrate is detected. Said projection aligner Connect with the 
detection system of the (g) above 1 st, and said 2nd detection system, calculate the gap between said 1 st Z 
location and the target Z locations which were detected by said 1st detection system, and at moreover, the 
time of detection by said 1st detection system The calculator for memorizing said 2nd Z location detected by 
said 2nd detection system, (h) It has the controller connected with said regulatory mechanism and said 
calculator, and said 3rd detection system. When said field on said substrate corresponding to said detection 
field of said 1st detection system is located in said projection visual field of said image formation system 
according to said movable stage device, said controller said calculated gap, said 2nd memorized Z location, 
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said 3rd Z location detected by said 3rd detection system, and the projection aligner characterized by it 
being alike, being based and controlling said regulatory mechanism. 

[Claim 1 1] In a projection aligner according to claim 10 said 1st detection system It has two or more 1st 
focus detectors which have two or more detection fields. Said two or more detection fields It is the 
projection aligner which is a single tier along said direction of X in the range according to the size in said 
direction of X of the projection visual field of said image formation system, and is characterized by each of 
said 1 st focus detector detecting Z location of the front face of said substrate separately in each of said 
detection field. 

[Claim 12] In a projection aligner according to claim 1 1 said 2nd detection system It has the 2nd two focus 
detector. Said 2nd two focus detector It is the projection aligner which is equipped with two detection fields 
arranged at the both sides of two or more of said detection fields used as the single tier of said 1 st detection 
system, and is characterized by each of said 2nd focus detector detecting Z location of the front face of said 
substrate separately in each of said two detection fields. 

[Claim 13] It is the projection aligner which said 3rd detection system is equipped with the 3rd two focus 
detector, and said 3rd two focus detector is arranged in the projection aligner according to claim 12 at the 
both sides in said direction of X of said projection visual field of said image formation system, and is 
characterized by each of said 3rd focus detector detecting Z location of the front face of said substrate 
separately in each of said two detection fields, v 

[Claim 14] In a projection aligner according to claim 13 said movable stage device The mounting section for 
drawing the rear face of said substrate, and when said substrate is supported by said mounting section, It is 
the projection aligner which is equipped with the auxiliary plate section which surrounds said substrate in 
equal height, and is characterized by the front face of said auxiliary plate section being detected by 1 of said 
2nd two focus detectors, and 1 of said 3rd two focus detectors as substantially as the front face of said 
substrate. 

[Claim 1 5] By projecting some patterns of a mask on a photosensitive substrate through a projection system, 
and moving said mask and said photosensitive substrate to the projection visual field of said projection 
system It is the scanning exposure approach which imprints the pattern of said mask to said photosensitive 
substrate. Said approach (a) The height of the front face of said photosensitive substrate, and the step which 
attaches said photosensitive substrate in the electrode holder which has the auxiliary plate section which 
surrounds said photosensitive substrate in equal height substantially, (b) while having the step which reads 
the focal error of the exposure field of said photosensitive substrate with which said some of mask patterns 
are projected and carrying out scanning migration of said electrode holder and said photosensitive substrate 
Before said exposure field reaches the projection visual field of said projection system, said focal error of 
said exposure field is read. Said approach Moreover, when the exposure field on the (c) aforementioned 
photosensitivity substrate reaches said projection visual field By the focal detection system for exposure 
locations left and arranged from the projection visual field of said projection system in the direction which 
intersects perpendicularly in said scanning migration direction The step which detects the focal error of 
some [ one ] front faces of said photosensitive substrate and said auxiliary plate section, (d) Based on said 
focal error detected by said step (b) and (c), it has the step which adjusts a focus between said projection 
systems and said photosensitive substrates. By it The scanning exposure approach that the focal error of the 
exposure field on said photosensitive substrate is characterized by being amended with the projection visual 
field of said projection system. 

[Claim 16] It is the scanning exposure approach which said approach is applied to the projection aligner, and 
said projection aligner has the projection system in the scanning exposure approach according to claim 15, 
and is characterized by equipping said projection system with 20mm or the operating range not more than it 
to the front face of said substrate. 

[Claim 17] It is the scanning exposure approach that said approach is applied to the immersion-type 
projection aligner in the scanning exposure approach according to claim 15, and space including a projection 
optical path is characterized by being filled with the liquid in said immersion-type projection aligner 
between said photosensitive substrate and the transparent optical element arranged at the image surface side 
of said projection optical system. 

[Claim 18] Said projection optical system is the scanning exposure approach characterized by having the 
working distance from which the thickness of the liquid between said photosensitive substrates and said 
transparent optical elements of said projection optical system becomes less than [ 2mm or it ] in the 
scanning exposure approach according to claim 17. 

[Claim 19] It is the scanning exposure approach which said approach is applied to the scanning aligner, said 
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scanning aligner has the reflective refraction projection system in the scanning exposure approach according 
to claim 1 5, and said reflective refraction projection system has the optical element for refraction, and the 
optical element for an echo, and is characterized by arranging the transparent optical element at the image 
surface side in said scanning aligner. 

[Claim 20] Said transparent optical element arranged in the scanning exposure approach according to claim 
1 9 at said image surface side is the scanning exposure approach which serves as a prism mirror and is 
characterized by said prism mirror equipping the front face of said photosensitive substrate with the parallel 
injection front face substantially. 

[Claim 21] It is focusing equipment formed in the equipment which has said objective lens optical system so 
that focusing can be controlled between the front face of a workpiece, and objective lens optical system. 
Said focusing equipment (a) The 1st location is equipped with the 1st detection system equipped with the 
detection field. Said 1st location It is prepared in the outside of the visual field of said objective lens optical 
system. Said 1st detection system The location of said direction of focusing of the front face of said 
workpiece is detected. Said focusing equipment The (b) 2nd location is equipped with the 2nd detection 
system equipped with the detection field. Moreover, said 2nd location It is prepared in the outside of the 
visual field of said objective lens optical system, and from said 1st location, spacing is opened and it is 
prepared. Said 2nd detection system The location of said direction of focusing of the front face of said 
workpiece is detected. Said focusing equipment Hie (c) 3rd location is equipped with the 3rd detection 
system equipped with the detection field. Moreover, said 3rd location It is prepared in the outside of the 
visual field of said objective lens optical system, and from each of said 1st location and said 2nd location, 
spacing is opened and it is prepared. Said 3rd detection system The location of said direction of focusing of 
the front face of said workpiece is detected. Said focusing equipment Connect with the detection system of 
the (d) above 1 st, and said 2nd detection system, calculate the gap between said 1 st focal location and target 
focal locations which were detected by said 1 st detection system, and at moreover, the time of detection by 
said 1 st detection system The calculator for memorizing said 2nd focal location detected by said 2nd 
detection system, (e) It has the controller connected with said calculator and said 3rd detection system. 
When said field on said workpiece corresponding to said detection field of said 1 st detection system 
positions within the visual field of said objective lens optical system by the relative displacement of said 
workpiece and said objective lens optical system, Said controller Said calculated gap and said 2nd 
memorized focal location, said 3rd focal location detected by said 3rd detection system and the focusing 
equipment characterized by it being alike, being based and controlling focusing of said objective lens optical 
system on said front face of said workpiece. 

[Claim 22] When a workpiece and the visual field of objective lens optical system receive in the direction of 
X, and the direction of Y mutually and move to them, It is the approach of controlling focusing of said 
objective lens optical system in the front face of said workpiece. Said approach (a) The height of the front 
face of said workpiece, and the step which attaches said workpiece in the electrode holder which has the 
auxiliary plate section which surrounds said workpiece in equal height substantially, (b) while moving said 
electrode holder and said workpiece in the predetermined migration direction Before the local 
predetermined part of said workpiece reaches the visual field of said objective lens optical system It has the 
step which reads the focal error of said local part of the front face of said workpiece. Said approach 
Moreover, when said local part of the (c) aforementioned workpiece reaches said visual field By the 1 st 
focal detection system left and arranged from the visual field of said objective lens optical system in the 
direction which intersects perpendicularly in said migration direction The step which detects the focal error 
of some [ one ] front faces of said workpiece and said auxiliary plate section, (d) Based on said focal error 
detected by said step (b) and (c), focusing is controlled between said objective lens optical system and said 
workpieces. By it The approach that the focal error of the local part of said workpiece is characterized by 
being amended with the visual field of said objective lens optical system. 

[Claim 23] Said approach is an approach characterized by being applied to at least one of the measuring 
instrument for manufacture which has few operating ranges so that the detection beam of an oblique 
incidence light type focus detector may not be aslant led to the front face of said workpiece just under said 
objective lens optical system in an approach according to claim 22, a lithography aligner, drawing 
equipment, and the test equipment. 

[Claim 24] It lets the liquid in the space between an optical image formation system and a photosensitive 
substrate pass, an optical image formation system — this — It is a projection aligner for projecting a mask 
pattern image on a photosensitive substrate. Said projection aligner It has the assembly holding two or more 
optical elements of said image formation system, and at least 1 edge of said assembly is dipped in said 
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liquid. Said projection aligner It was attached in said edge of said assembly, and has the end optical element 
which has the end front face which counters said substrate and contacts said liquid. Moreover, said end front 
face of said end optical element, The projection aligner characterized by for the front face of said edge of 
said assembly receiving mutually, being the same flat surface substantially, and preventing active jamming 
of the flow of said liquid by it. 

[Claim 25] The projection system was adopted, and it is the approach of processing the molding section into 
a semi-conductor wafer, and has the step which attaches the (a) aforementioned semi-conductor wafer in an 
electrode holder. Said electrode holder It has the wall prepared at right angles to a periphery, and by this, a 
liquid layer can be formed on said wafer so that between the front face of said wafer and said projection 
systems may be in an immersion condition. Said approach scans said electrode holder along the image 
surface of the (b) aforementioned projection system again. By this The scanning step which performs 
scanning exposure by projecting a molding section pattern image on said wafer through said projection 
system and said liquid layer, and by using (c) focal detection system It has the step which amends either [ at 
least ] the focal error between the front face of said wafer, and the image surface of said projection system, 
or the tilt errors between said scanning steps. Said focal detection system is an approach characterized by 
having two or more focal detection points arranged on the outside of the image surface of said projection 
system. 

[Claim 26] It is the approach characterized by equipping said projection system with resolution smaller than 
0.5 micrometers in an approach according to claim 25. 

[Claim 27] It is the scanning exposure approach for imprinting the pattern of a mask to a substrate through 
an image formation system. Said scanning exposure approach It has the step which offers the 1st detection 
system equipped with the 1st detection field. Said 1st detection field While being prepared in the outside of 
the image formation visual field of said image formation system, from said image formation visual field, 
spacing is opened in the scanning direction and it is prepared in it. Said 1st detection system The location in 
the direction of an optical axis of said image formation system of the front face of said substrate is detected. 
Said scanning exposure approach It has the step which offers the 2nd detection system equipped with the 
2nd detection field. Moreover, said 2nd detection field While being prepared in the outside of the image 
formation visual field of said image formation system, from said 1st detection field, spacing is opened in 
said scanning direction and the crossing direction, and it is prepared in them. Said 2nd detection system The 
location in said direction of an optical axis of the front face of said substrate is detected. Said scanning 
exposure approach It has the step which offers the 3rd detection system equipped with the 3rd detection 
field. Moreover, said 3rd detection field While being prepared in the outside of the image formation visual 
field of said image formation system, from said image formation visual field, open spacing in said scanning 
direction and the crossing direction, and it is prepared in them. From said 2nd detection field, spacing is 
opened in said scanning direction and it is prepared in it. Furthermore, said 3rd detection system The gap in 
said direction of an optical axis between the location of the front face of said substrate and a target position 
is detected. Said scanning exposure approach Moreover, between the step which determines the target 
position of said 3rd detection system between exposure of said substrate based on the detection result of said 
1 st detection system, and the detection result of said 2nd detection system, and exposure of said substrate 
The scanning exposure approach characterized by having the step which adjusts the physical relationship 
between the front face of said substrate, and the image surface of said image formation system based on the 
detection result of said 1st detection system, the detection result of said 2nd detection system, and the 
detection result of said 3rd detection system. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially the invention in this application relates to the lithography aligner 
(aligner) for imprinting a circuit pattern from reticle to a mask or a sensitization substrate about manufacture 
of a semi-conductor. 

[0002] The invention in this application relates to the system (system) for detecting the tilt (namely, dip) of 
said workpiece for detecting the focus on a workpiece (a wafer, a substrate, or plate), i.e., work pieces, 
again. The system concerned can apply the condition of the equipment for using laser and an electron beam, 
and manufacturing a workpiece, or carrying out image formation of the desired pattern to the front face of a 
workpiece, or the front face of a workpiece to a kind of a certain kind like the equipment for inspecting 
optically of equipment. 
[0003] 

[Description of the Prior Art] In recent years, the semiconductor chip (DRAMs) of the DINA MIIKKU 
random access memory which has the accumulation consistency of 64 megabits is mass-produced by the 
semi-conductor manufacturing technology. Such a semiconductor chip is manufactured by exposing a semi- 
conductor wafer, carrying out image formation of the circuit pattern, and carrying out superposition 
formation of the circuit pattern of ten layers or the layer beyond it by this. 

[0004] On the other hand, current and the lithography equipment used for manufacture of such a chip are the 
aligners for projection. It sets to the aligner for the projection, and is reticle 0- The circuit pattern drawn on 
the chromium layer on a mask plate by or the pulsed light which has the wavelength of 248nm from i line 
(wavelength of 365nm) and the KrF excimer laser of a mercury- vapor lamp By irradiating said reticle, it lets 
the cutback optical image formation system (namely, cutback projection optical system) reduced to a 
quadrant or 1/5 pass, and the resist layer on the front face of a wafer imprints. 

[0005] According to the type of image formation optical system, the group division of the projection aligner 
(aligner for projection) used for this object is carried out in general at the thing (namely, the so-called 
stepper) using a step-and-repeat method, and the thing using the step and scanning method which have 
received attention recently. 

[0006] A process is repeated in a step-and-repeat method. That is, in the process, whenever it carries out 
extent migration, the pattern image of reticle is projected on some wafers by [ whose a wafer is the stepping 
approach ] using a cutback projection lens system or the projection lens system of a single scale factor. Said 
cutback projection lens system is formed only from the optical material for refraction (lens element), and is 
equipped with the circular image vision field. The single projection lens system of a scale factor is formed 
from the optical material for refraction (lens element), the prism mirror, and the concave mirror, and is 
equipped with the image vision field of a non-round shape. The shot field of a wafer or a plate is exposed to 
a pattern image by said image vision field. 

[0007] A wafer is exposed by some images of the circuit pattern of reticle (for example, configuration of a 
radii-like slit) in SUTTEPU and a scanning method. Some images of the circuit pattern of reticle are 
projected on a wafer through a projection optical system. Simultaneously, continuously, reticle and a wafer 
are fixed rates and move with the velocity ratio according to a projection scale factor. Therefore, one shot 
field on a wafer is exposed by the image of all the circuit patterns on reticle by the scanning approach. 
[0008] For example, as described by 256 pages of SPIEVol.922 of "optical / laser micro lithography 
(Optical/Laser Microlithography) (1988) thru/or 269 pages After one shot field on a wafer is scanned and 
SUTTEPU and a scanning method are exposed, one step of wafers moves, they are constituted so that the 
next shot field may be exposed, and they are constituted so that the effective image vision field of a 
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projection optical system may be restricted to a radii-like slit. Moreover, although the projection optical 
system is indicated by United States patent (given to Shafer) 4,747,678th, it can be considered to be the 
combination of the optical element for two or more refraction, and the optical element for two or more 
echoes like. 

[0009] (It was given to Nishi) The United States patent is indicating an example of an aligner. In this 
aligner, SUTTEPU and a scanning method are performed by attaching the cutback projection lens for the 
steppers who have a circular image vision field. This U.S. official report is indicating the approach by which 
the pattern image projected at the time of scanning exposure is imprinted by the wafer when only the 
specified quantity makes the depth of focus (DOF) on a wafer increase again. 

[0010] In the field of a lithography technique, it is desirable that the semi-conductor memory chip which has 
the accumulation consistency and precision of 1 giga or about 4giga can be manufactured by exposure by 
light. The technique exposed by light has long technical history, and since it is based on the know how 
accumulated in the large quantity, it is convenient to continue and use the technique exposed by light. 
Moreover, if the trouble of the exposure technique by the electron beam instead of other or an X-ray technic 
is taken into consideration, it is effective to use the technique exposed by light. 
[001 1] lgiga of memory chip is considered that it is necessary to set the minimum line width of face 
(configuration width of face) to about 0.18 micrometers (micrometer). On the other hand, 4giga of memory 
chip is considered that it is necessary to set the minimum line width of face (configuration width of face) to 
about 0.13 micrometers (micrometer). In order to attain such line width of face, the far ultraviolet rays 
which have wavelength shorter than 200nm or it, for example, the far ultraviolet rays produced with an ArF 
excimer laser, are used, and, thereby, a reticle pattern can be irradiated. 

[0012] (It has wavelength shorter than 400nm or it) Generally as an optical material of the glassiness which 
has suitable transmittance to far ultraviolet rays, a quartz (Si02), fluorite (CaF2), the lithium fluoride 
(LiF2), the magnesium fluoride (MgF2), etc. are known. A quartz and fluorite serve as an optical material of 
glassiness required in order to form the projection optical system which has high resolution in the range of 
far ultraviolet rays. 

[0013] However, supposing it makes the numerical aperture (NA) of a projection optical system increase 
and attains high resolution, making the size of a visual field increase, it is required to take into consideration 
the data that the diameter of the lens element formed with a quartz or fluorite becomes large, consequently 
manufacture of such a lens element becomes difficult. 

[0014] Moreover, if the numerical aperture (NA) of a projection optical system is made to increase, depth of 
focus (DOF) deltaF will decrease inevitably. If the theory of Rayleigh of image formation is applied, 
generally depth of focus deltaF will be defined by wavelength, numerical aperture NA, and the process 
multiplier Kf (0<Kf<l) as shown below. 
[0015] deltaF=Kf- (lambda/NA 2) 

Therefore, if 193nm of wavelength becomes, wavelength is equal to the wavelength of ArF excimer laser 
light, numerical aperture NA is set as about 0.75, and if the process multiplier Kf is 0.7, depth of focus 
deltaF in atmospheric air (air) will be set to about 0.240 micrometers. In this case, theoretical resolution 
(minimum line width of face) deltaR is expressed by the following equality which uses the process 
multiplier Kr(0<Kr<l). 
[0016] deltaR=Kr- (lambda/NA) 

Therefore, under the condition of having mentioned above, if the process multiplier Kr becomes 0.6, 
resolution deltaR will be set to about 0.154 micrometers. 

[0017] As mentioned above, in order to improve resolution, while it is necessary to make the numerical 
aperture of a projection optical system increase, if numerical aperture increases, it is important that it is 
cautious of the depth of focus decreasing rapidly. If the depth of focus is small, it is necessary to improve 
precision, reproducibility, and stability. Based on precision, reproducibility, and stability, the automatic- 
focusing doubling system for doubling between the best image surface of a projection optical system and the 
resist stratification planes on a wafer is controlled. 

[001 8] On the other hand, the configuration to which numerical aperture is made to increase is possible, 
without making the size of a visual field increase, when a projection optical system is taken into 
consideration from the standpoint of a design or manufacture. However, if numerical aperture is 
substantially set as a big value, the diameter of a lens element will become large, consequently it will 
become difficult to form and process the optical material (for example, a quartz and fluorite) of glassiness. 
[0019] Subsequently, the immersion projection approach may be used as a means for improving resolution, 
without making the numerical aperture of a projection optical system increase greatly. In this approach, the 
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tooth space between a wafer and a projection optical system is filled up with the liquid. Please refer to 
United States patent (given to Tabarelli) 4,346,164th about this. 

[0020] In this immersion projection approach, the space between a wafer and the optical element which 
constitutes a projection optical system from projection one end (image surface side) is filled up with the 
liquid which has a refractive index near the refractive index of a photoresist layer. The effective numerical 
aperture of the projection optical system seen from the wafer side increases by this, namely, resolution can 
be improved. It is expected that this immersion projection approach can gain the good image formation 
engine performance by choosing the liquid to be used. 

[0021] Generally the automatic- focusing doubling (AF) system is prepared in the projection aligner well- 
known now. This automatic-focusing doubling system can control the relative position of a wafer and a 
projection optical system to accuracy, and can make the front face of a wafer agree in the optimal image 
surface (conjugation side of reticle) of a projection optical system by it. This automatic-focusing doubling 
system is equipped with the surface location detection sensor for detecting change of the location (Z 
direction location) of the height direction on the front face of a wafer by non-contact, and the Z direction 
regulatory mechanism for adjusting spacing between a projection optical system and a wafer based on this 
detected change. 

[0022] Moreover, in the projection aligner by which the current activity is carried out, the optical type 
sensor and the air micrometer type sensor are used as a surface location detection sensor. Moreover, the 
electrode holder (and Z stage) for supporting a wafer is prepared as a Z direction regulatory mechanism. The 
electrode holder (and Z stage) which supports a wafer moves perpendicularly in submicron precision. 
[0023] Supposing such an automatic- focusing doubling system is prepared in the aligner to which the 
immersion projection approach is applied, since a wafer is held at a liquid, it is natural that cannot use an air 
micrometer type sensor but an optical sensor is used monopolistically. In such a case, for example, an 
optical sensor for focusing which was indicated by United States patent (given to Suwa) 4,650,983rd, it is 
constituted. The beam for measurement in which the beam for measurement (image formation beam of a slit 
image) was aslant projected on the projection visual field on a wafer by it, and was reflected on the wafer 
front face lets the slit for light-receiving pass, and is received by the photoelectrical-type detector. Change of 
the height on the front face of a wafer, i.e., a focal error amount, is detected from change of the location of 
the reflected beam (reflective beam) which occurs to the slit for light-receiving. 

[0024] If the sensor for focusing of an oblique incidence light (incidence of the light is carried out aslant) 
type which was indicated by United States patent 4,650,983rd is directly attached in the projection aligner 
by which the usual projection optical system which has 10 thru/or the 20nm working distance is dipped in 
the liquid, the problem described below will arise. In such a case, it is necessary to set as a liquid the 
projection optical system along which the following projection beams and a reflective beam pass. That is, 
the projection beam is emitted from the objective lens for projection of the sensor for focusing, and reaches 
the projection visual field of the projection optical system on a wafer. It is reflected by the wafer and the 
reflective beam reaches the objective lens for light-receiving. 

[0025] Therefore, the beam of the sensor for focusing progresses the inside of a liquid covering a long 
distance. By it, if the temperature distribution of a liquid are not stable in high degree of accuracy, since 
temperature is unequal, a projection beam and the received beam will be changed by change of a refractive 
index, consequently the precision of focal detection (namely, detection of the location of the height direction 
on the front face of a wafer) will fall. 

[0026] Furthermore, by the immersion projection approach, in order to attain 0.151ambdam or the resolution 
not more than it, as mentioned above, it is necessary to set the working distance of a projection optical 
system as a value small enough. Therefore, one important query arises [ how an automatic focusing 
doubling system applicable to the immersion projection approach should be constitute ] for this reason that 
becomes difficult [ it / to turn projection beam itself of the sensor for oblique incidence light ( incidence of 
the light is carry out aslant) type focusing to the projection field on a wafer, and to project it aslant from the 
space between a projection optical system and a wafer, ]. 

[0027] On the other hand, the aligner (aligner) which has a projection optical system (henceforth "IX") 
single scale-factor type is used in the field which manufactures liquid crystal display equipment (flat panel 
display) with the field which manufactures a semiconductor device. Recently, one system (system) is 
proposed for this kind of aligner. A certain type of two or more IX projection optical systems can be 
arranged, and it can scan now by a mask and a photosensitive plate receiving mutually and moving to the 
system in one. As for the working distance of IX projection optical system used, it is desirable that it is ideal 
extremely small. One X each projection optical system serves as a single Dyson (single Dyson) type which 
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was indicated by U.S. Pat. No. 4,391,494 (given to Hershel), or a double Dyson (double Dyson) type which 
was indicated by United States patent (given to Swanson etc.) 5,298,939th. 

[0028] In the aligner which has a such Dyson (Dyson) type projection optical system, the problem which 
can restrict the various aberration and distortion of an image which were projected to a small value, 
consequently is produce by aberration or distortion is lose as a matter of fact by fully decrease the working 
distance (namely, spacing between the outlet front face of a prism mirror, and the image surface). Therefore, 
in this kind of aligner, the detection field on a photosensitive substrate (for example, the exposure location 
of the projection beam in the oblique incidence light system which carry out incidence of the light aslant or 
the air blowdown location in an air micrometer system) where a focus be detect by the sensor for focusing 
be usually set as the location which swerved from the effective projection visual field field of a projection 
optical system. That is, it is set up by the off axis method. 
[0029] 

[Problem(s) to be Solved by the Invention] It is impossible to detect actually whether the field of the 
substrate exposed from a circuit pattern to projection light was adjusted by a best focal location or a best 
condition at accuracy because of this reason. 

[0030] Moreover, in the equipment into which it is processed by using the spot of a laser beam or an 
electron beam for a substrate in the equipment which draws a pattern (or manufacture), a substrate, the 
objective lens system (or electron lens system) for projecting a laser beam and an electron beam, and the 
working distance between **s become very small. Consequently, possibility that it becomes impossible to 
attach AF sensor which can detect the focal error of a processing location or can detect the focal error of the 
drawing location on the substrate front face in the visual field of objective lens optical system arises. 
[003 1 ] In such a case, the detection location of AF sensor is established only in the outside of the visual 
field of an objective lens system, in order to detect a focal error. It becomes impossible therefore, to detect 
whether the focal error has occurred actually in the processing location or drawing location in a visual field 
of an objective lens system. 

[0032] The same thing as this can say with photolithography the pattern drawn on reticle or a mask, and the 
detailed pattern formed in the wafer also about the equipment for inspecting optically. That is, it is because 
the objective lens system for inspection is prepared also in this kind of test equipment. Moreover, the edge 
of an objective lens system is because only the predetermined working distance separates from the front face 
of said sample and is established toward the front face of the sample (plate) inspected. 
[0033] Therefore, if the objective lens system which is comparatively alike and has a big scale factor and 
high resolution is used, the working distance will become very small, consequently the same problem about 
the property of AF sensor will arise. 
[0034] 

[Means for Solving the Problem] Even if the projection optical system to which the invention in this 
application decreases the working distance in consideration of the above-mentioned problem of a related 
technique as compared with the usual projection optical system is incorporated, the projection aligner 
(aligner) and the exposure approach as for which control of focusing is made to high degree of accuracy, 
and tilt control is made to high degree of accuracy are offered. 

[0035] The invention in this application relates to the aligner of a step-and-repeat type. The front face of a 
photosensitive substrate is exposed in the aligner of a step-and-repeat type by the pattern image projected 
through the projection system or the scanning aligner (scanning aligner). In a projection system or a 
scanning aligner, it moves relatively to a system with suitable mask (or reticle) and photosensitive substrate 
to detect [ to move relatively to an image formation system, while a pattern image is projected, and ] these 
kinds of the focal locations and tilts in an aligner (aligner). 

[0036] In the aligner and the exposure approach of the invention in this application, focusing control and tilt 
control are performed about the shot field in the circumference location on a photosensitive substrate. 
[0037] By the scanning aligner and the scanning exposure approach of the invention in this application, 
without setting a focal detection field as the projection visual field of a projection optical system, about the 
exposure field of a photosensitive substrate, control of focusing is made to high degree of accuracy, and tilt 
control is made to high degree of accuracy. 

[0038] In the immersion type projection aligner and the immersion type scanning aligner which were 
designed in order to improve the depth of focus, the sensor and the focal detection approach for focusing of 
the invention in this application are stabilized, and can detect the error in surface focusing or the surface tilt 
of the photosensitive substrate dipped in the liquid. The sensor and the focal detection approach for focusing 
of the invention in this application are suitable for the manufacture (processing) equipment which has the 
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objective lens optical system of the small working distance, drawing equipment, or test equipment. 
[0039] The invention in this application is applicable to the scanning aligner which has Z-drive system 
which doubles the focus of the image projected by receiving mutually and driving a substrate and an image 
formation system to a Z direction with the scanning device (a reticle stage or wafer X-Y stage) for moving a 
mask and a substrate in the scanning direction to the image formation system (projection lens system) and 
image formation system for projecting the pattern image of a mask (reticle) on a substrate (wafer) through 
an image formation visual field. The invention in this application is applicable to the projection aligner 
(namely, stepper) which has Z-drive system which doubles the focus of the image projected by receiving 
mutually and driving a substrate and an image formation system to a Z direction with the image formation 
system for projecting the pattern image of a mask on a substrate through a projection visual field, and the 
movable stage device which moves in the direction of X, and the direction of Y in order to position a 
substrate about the pattern image projected again. 

[0040] The scanning device or the movable stage of an aligner, i.e., an aligner, can be made into the device 
for maintaining a mask or a substrate horizontally. Or the scanning device or the movable stage of an 
aligner, i.e., an aligner, is good also as a device for maintaining a mask or a substrate at a certain fixed 
include angle from the level surface. For example, it is good also considering a mask or a substrate as level 
or a vertical (every length) stage device for making it move perpendicularly, maintaining a mask or a 
substrate with a vertical position. In this case, the flat surface where a mask or a substrate moves has 
countered in the direction of X, and the direction of Y. The Z direction which lies at right angles to each of 
the direction of X and the direction of Y is also referred to (for example, the Z direction is in agreement in 
the direction of the optical axis of the projection optical system arranged in the longitudinal direction, or the 
direction of a chief ray). 

[0041] According to the invention in this application, the 1st detection system, the 2nd detection system, and 
the 3rd detection system are prepared in the aligner. The 1st detection system equips the 1st location with 
the detection field. The 1 st location is established in the outside of the image formation visual field of an 
image formation system, in the scanning direction (the direction of Y), from the image formation visual field 
of said image formation system, opens spacing and is prepared. The 1st detection system detects the location 
in the Z direction of the front face (top face) of a substrate. The 2nd detection system equips the 2nd 
location with the detection field. The 2nd location is established in the outside of the image formation visual 
field of an image formation system, in the direction (X) which intersects perpendicularly in the scanning 
direction (the direction of Y), from said 1st location, opens spacing and is prepared. The 2nd detection 
system detects the location in the Z direction of the front face of a substrate. The 3rd detection system 
equips the 3rd location with the detection field. The 3rd location is established in the outside of the image 
formation visual field of an image formation system, in the scanning direction (the direction of Y), and the 
direction (the direction of X) which intersects perpendicularly, from the image formation visual field of said 
image formation system, opens spacing and is prepared. In the scanning direction (the direction of Y), also 
from said 2nd location, the 3rd location opens spacing and is prepared again. The 3rd detection system 
detects the location in the Z direction of the front face of a substrate. 

[0042] According to the invention in this application, to an aligner, the gap between 1st Z location and the 
target Z locations which were detected by the 1 st detection system is calculated further. By migration caused 
by the calculator,; scanning device, or the movable stage device for memorizing temporarily 2nd Z location 
detected by the 2nd detection system when detected by the 1 st detection system When the field on the 
substrate corresponding to the detection field of the 1 st detection system is positioned by the image 
formation visual field of an image formation system, The controller for controlling Z-drive system based on 
the calculated gap, 2nd memorized Z location, and 3rd Z location detected by the 3rd detection system; it is 
prepared. 

[0043] The invention in this application is applicable to the scanning exposure approach. In this scanning 
exposure approach, all the patterns of a mask (reticle) are imprinted by the photosensitive substrate (wafer) 
again by moving a mask and a photosensitive substrate simultaneously to the projection visual field of a 
projection optical system by projecting some mask patterns on a photosensitive substrate through a 
projection optical system. 

[0044] The approach of the invention in this application equips the electrode holder which has the auxiliary 
plate section formed so that a photosensitive substrate might be substantially surrounded in equal height 
with the surface height of a photosensitive substrate with the step for attaching a photosensitive substrate, 
and the step which reads the focal error of the exposure field on a photosensitive substrate in advance. Some 
patterns of a mask are projected on the field on said photosensitive substrate. While carrying out scanning 
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migration of an electrode holder and the photosensitive substrate, before an exposure field reaches the 
projection visual field of a projection optical system, the focal error of an exposure field is read. Further, 
when the exposure field on a photosensitive substrate reaches a projection visual field, the approach of said 
invention in this application By the exposure location focal detection system left and arranged from the 
projection visual field of a projection optical system in the direction (the direction of X) which intersects 
perpendicularly to the direction of scanning migration (the direction of Y) The focal error of the step which 
detects the focal error of some front faces of a photosensitive substrate or the auxiliary plate section, and the 
exposure field on a photosensitive substrate so that it may be amended in the projection visual field of a 
projection optical system Based on the detected focal error, it has the step which adjusts the distance 
between a projection optical system and a photosensitive substrate. 

[0045] Manufacture (processing) equipment, image formation equipment and the focal detection sensor 
suitable for test equipment, or the focal detection approach is similarly attained instead of the projection 
optical system for which it is used for the aligner (aligner) mentioned above or the exposure approach by 
using the objective lens optical system for manufacture, drawing, image formation, or inspection. 
[0046] 

[Embodiment of the Invention] Drawing 1 shows the whole projection aligner structure in the 1st example 
of the invention in this application. The projection aligner of the 1st example is a lens scan type projection 
aligner. In the projection aligner, the circuit pattern on reticle lets a cutback projection lens system pass, and 
is projected on a semi-conductor wafer. Said cutback projection lens system has the circular image vision 
field formed in telecentric system by the body side, and the circular image vision field formed in telecentric 
system by the image side. On the other hand, reticle and a wafer move to a projection lens system, and are 
scanned (scan). 

[0047] The ArF excimer laser light source for the illumination system shown in drawing 1 to emit the pulsed 
light which has the wavelength of 193nm, The beam expander for forming in a predetermined configuration 
the cross section of the pulsed light emitted from said light source, An optical integrator like the fly eye lens 
for forming secondary light source images (two or more one-set point light sources) by receiving said pulsed 
light formed in the predetermined configuration, The condenser lens system for condensing said pulsed light 
from said secondary light source images to the pulse illumination light which has uniform illuminance 
distribution, The reticle blind for operating the pulse illumination light orthopedically in a rectangle long 
and slender in the direction which intersects perpendicularly to the scanning direction at the time of 
scanning exposure (lighting field diaphragm), It collaborated with the mirror 1 1 shown in drawing 1 , and 
the condenser lens system 12, and has the relay optical system for carrying out image formation of the 
opening of the rectangle of a reticle blind to Reticle R. 

[0048] Reticle R is supported by the vacuum suction force in the reticle stage 14. A reticle stage 14 is 
movable in one dimension by big stroke during scanning exposure with constant speed. It sees by drawing 
1 , and it shows around on the columnar structure object 13 of an aligner body, and moves to a longitudinal 
direction, and a reticle stage 14 can be scanned now (scan). A reticle stage 14 is shown so that it can move 
in the direction which intersects perpendicularly to the flat surface of drawing 1 again. 
[0049] The coordinate location of the reticle stage 14 in XY flat surface and a delicate revolution gap are 
continuously measured by the laser interferometer systems (IFM) 17. The laser-interferometer system 17 
injects a laser beam in the migration mirror (a plane mirror or corner mirror) 16 attached in a part of reticle 
stage 14. The laser-interferometer system 17 receives the laser beam reflected by the migration mirror 16 
(that is, light is received). The reticle stage controller 20 controls the motor (it is (like a linear motor or a 
voice coil)) 15 which drives a reticle stage 14 based on XY-coordinate location measured by the laser- 
interferometer system 17. Scanning migration and stepping migration of a reticle stage 14 are controlled by 
it. 

[0050] When a part of circuit pattern space of Reticle R is illuminated by the pulsed light formed in the 
rectangle emitted from the condenser lens system 12, it lets 1/4 (namely, quadrant) cutback projection lens 
system PL pass, and the image formation light beam which comes out of the circuit pattern of the 
illuminated part is projected on the photosensitive resist layer applied to the top face (namely, principal 
plane) of Wafer W, and carries out image formation. The optical axis AX of 1 / 4 cutback projection lens 
system PL is positioned so that it may elongate through the central point of a circular image vision field, and 
so that it may become the same axle to the optical axis of an illumination system 10, and the optical axis of 
the condenser lens system 12. 

[0051] 1 / 4 cutback projection lens system PL is equipped with two or more lens elements. The lens 
element consists of a quartz which has high permeability, and two different ingredients like fluorite to the 
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ultraviolet rays which have the wavelength of 193nm. Fluorite is mainly used, in order to form the lens 
element which has Masachika (positive power). The air of the lens-barrel to which the lens element of 1 / 4 
cutback projection lens system PL was fixed is transposed to nitrogen gas. The absorption of the pulse 
illumination light which has the wavelength of 193nm by oxygen is avoidable with this. It is similarly 
transposed to nitrogen gas about the optical path applied to the condenser lens system 12 from the inside of 
an illumination system 10. 

[0052] Wafer W is held at the wafer electrode holder (chuck) WH. The wafer electrode holder WH has 
drawn the rear face (after side face) of a wafer by vacuum attraction. The annular auxiliary plate section 
HRS is formed in the periphery of the wafer electrode holder WH so that the perimeter of Wafer W may be 
surrounded. The height of the annular front face of the auxiliary plate section HRS serves as substantially a 
top face of the wafer electrode holder WH attached in the top face of the wafer electrode holder WH with 
the same flat surface. When carry out scan exposure of the shot field in the circumference location on Wafer 
W so that it may explain to a detail below , if the detection point ( namely , detect point ) of the sensor for 
focusing be position on the outside of the profile edge of Wafer W , the annular auxiliary plate section HRS 
will be use as an alternative focal detection side . 

[0053] Furthermore, the annular auxiliary plate section HRS functions as a flat criteria plate (reference 
plate) for proofreading system offset of the sensor for focusing as indicated by above-mentioned (given to 
Suwa) United States patent 4,650,983rd. A needless to say and special criteria plate is prepared 
independently, and you may make it proofread the sensor for focusing. 

[0054] The wafer electrode holder WH is attached in the ZL stage 30. The ZL stage 30 can carry out 
translational motion to a Z direction in accordance with the optical axis AX of 1 / 4 cutback projection lens 
system PL. Moreover, the ZL stage 30 is movable also in the direction which intersects perpendicularly to 
an optical axis AX, while carrying out tilt motion to XY flat surface. The ZL stage 30 is attached in X-Y 
stage 34 through three Z-actuators 32A, 32B, and 32C. X-Y stage 34 is movable to two-dimensional in the 
direction of X, and the direction of Y on the base. Each of the Z-actuators 32A, 32B, and 32C serves as for 
example, a piezo flexible component, a voice coil motor or a DC motor, and combination of a lift cam 
mechanism. 

[0055] Supposing each of the Z-actuators 32A, 32B, and 32C (namely, Z-drive motor) drives only the same 
amount as a Z direction, while between X-Y stages 34 is maintained by parallel, translational motion of the 
ZL stage 30 will be carried out to a Z direction (namely, direction which performs focusing). Supposing 
each of the Z-actuators 32A, 32B, and 32C drives only an amount which is different in a Z direction, the 
amount of tilts (dip) and the direction of a tilt of the ZL stage 30 will be adjusted by it. 
[0056] Two-dimensional migration of X-Y stage 34 is caused by some drive motors 36. The drive motor 36 
is the linear motor which can generate driving force in the state of the DC motor (namely, direct current 
motor) made to rotate a feed screw or non-contact. The drive motor 36 is controlled by the wafer stage 
controller 35. The measurement coordinate location from a laser interferometer (IFM) 33 is supplied to the 
wafer stage controller. 3 5 so that change of the location in the direction of X and the direction of Y of a 
reflector of the migration mirror 3 1 can be measured. 

[0057] For example, the whole X-Y stage 34 structure which uses a linear motor as a drive motor 36 can be 
made into what is indicated by Provisional Publication No. 6 1-20983 1st (Tateishi electrical-and-electric- 
equipment incorporated company) exhibited on September 18, 1986. 

[0058] About this example, the work distance (working distance) of 1 / 4 cutback projection lens system PL 
is very small, therefore the projection beam of the sensor for focusing of the type of oblique incidence light 
passes along the tooth space between the front face of the optical element of 1 / 4 cutback projection lens 
system PL nearest to the image surface, and the top face of Wafer W, and it is considered that it cannot lead 
on the surface of a wafer. Three off axis type (the outside of the projection visual field of 1 / 4 cutback 
projection lens system PL is equipped with the focal detection point) focal detection systems GDL, GDC, 
and GDR are arranged [ in / therefore / this example ] on the outskirts of a lower part edge of the barrel 
(lens-barrel) of 1 / 4 cutback projection lens system PL. 

[0059] Among these focal detection systems, to the direction of scanning migration of the wafer W at the 
time of scanning exposure, the focal detection systems GDL and GDR are set up so that it may have the 
focal detection point (point detecting [ focal ]) positioned by a before [ a projection visual field ] side, and 
the backside. When one shot field of Wafer W is scanned and exposed, before one side of the focal detection 
systems GDL and GDR chosen according to the direction of scanning migration (a plus direction or the 
minus direction) operates and a rectangular projection image is exposed by the wafer, the change in the 
height location of the front face of a shot field is predicted. 
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[0060] Therefore, the focal detection systems GDL and GDR function as the read-ahead sensor of the focal 
detection system indicated by United States patent (given to SAKAKIBARA etc.) 5,448,332nd similarly. 
However, in this example, a different sequence from the sequence of the 5,448,332nd focus (or tilt 
accommodation) of an United States patent is used, therefore the special focal detection system is added to 
the focal detection systems GDL and GDR. This structure is explained to the detail by the following. 
[0061] The focal detection system GDC shown in drawing 1 is equipped with the detection point (detecting 
point) arranged by the off-axis method in the non-scanning direction which intersects perpendicularly to the 
scanning direction of the projection visual field of 1 / 4 cutback projection lens system PL, when it sees on 
the front face (namely, XY flat surface) of Wafer W. However, the focal detection system GDC was seen by 
drawing 1 , and, in addition to the detection point by the side of before 1/4 cutback projection lens system 
PL, equips the backside of 1 / 4 cutback projection lens system PL with other detection points. 
[0062] The focal detection approach of having followed the invention in this application has the description 
in the point that one side of the off axis focal detection system GDC and the read-ahead focal detection 
systems GDL and GDR collaborates mutually, and operates. Detailed explanation of these focal detection 
systems is mentioned later. 

[0063] The information (for example, error signal showing the amount of gaps from the best focal location 
etc.) about some height locations on the front face of a wafer detected by each of the focal detection systems 
GDL, GDR, and GDC mentioned above is inputted into the automatic- focusing doubling (AF) control unit 
38. The AF control unit 38 determines the optimal amount which drives each of the Z-drive motors 3 2 A, 
32B, and 32C as a Z-actuator based on the detection information supplied from the focal detection systems 
GDL, GDR, and GDC, drives the Z-drive motors 32A, 32B, and 32C, and it performs tilt accommodation 
while it performs focusing to the field of the wafer W in which a projection image carries out image 
formation actually. 

[0064] For this control, each of the focal detection systems GDL and GDR serves as a sensor for multipoint 
(multipoint) focusing. This sensor has the detection point in two or more locations (for example, at least two 
locations) in the rectangle projection field on the wafer W formed of 1 / 4 cutback projection lens system 
PL. Focusing has come, as for the AF control unit 38, to be, able to carry out tilt accommodation of the 
wafer W in the non-scanning direction (the direction of X), of course at least. 

[0065] By moving X-Y stage 34 in the direction of Y with constant speed, the aligner shown in drawing 1 is 
constituted so that scanning exposure may be performed. The relation between scanning migration of 
Reticle R and Wafer W between scanning exposure and stepping migration of Reticle R and Wafer W is 
explained with reference to drawing 2 . 

[0066] If drawing 2 is referred to, the front group lens system LGa and the back group lens system LGb 
express 1/4 cutback projection lens system PL shown in drawing 1 . The exit pupil Ep exists between the 
front group lens system LGa and the back group lens system LGb. Circuit pattern space Pa is formed in the 
frame (frame) demarcated with the electric shielding band SB on the reticle R shown in drawing 2 . Circuit 
pattern space Pa has larger diagonal line die length than the diameter of the circular image vision field 
formed on a body 1/4 cutback projection lens system PL side. 

[0067] By the scanning method, the image of circuit pattern space Pa of Reticle R is exposed by the shot 
field SAa to which it corresponds on Wafer W. This scanning method is held by moving Wafer W to the 
plus direction which met the Y-axis with constant speed Vw, while moving for example, the reticle R in the 
minus direction which met the Y-axis at the fixed rate Vr. At this time, the configuration of the pulse 
illumination light IA for illuminating Reticle R is set as a parallel strip or a rectangle long and slender in the 
direction of X in circuit pattern space Pa of Reticle R, as shown in drawing 2 . The ends of the configuration 
of the pulse illumination light IA which has countered mutually in the direction of X are positioned by the 
electric shielding band SB. 

[0068] Image formation of the partial pattern contained in the rectangle region of circuit pattern space Pa of 
Reticle R irradiated by the pulse illumination light IA is carried out to the response location in the shot field 
SAa of Wafer W as an image SI by 1 / 4 cutback projection lens system PL (the front group lens system 
LGa and back group lens system LGb). When relative scanning between circuit pattern space Pa on Reticle 
R and the shot field SAa on Wafer W is completed, only a fixed distance moves one step of wafers W in the 
direction of Y. The starting position of scanning is set up to the shot field SAb contiguous to the shot field 
SAa by it. The lighting by the pulse illumination light IA has stopped during this stepping actuation. 
[0069] Next, in order to expose the circuit pattern image of circuit pattern space Pa of Reticle R to the shot 
field SAb on Wafer W by the scanning method, Reticle R moves to the plus direction of a Y-axis with 
constant speed Vr to the pulse illumination light IA. And Wafer W moves in the minus direction of a Y-axis 
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with constant speed Vw to the projected image SI simultaneously. Velocity ratio Vw/Vr is set as the cutback 
ratios 1/4 of 1 / 4 cutback projection lens system PL. The above-mentioned schedule is followed and the 
image of circuit pattern space Pa of Reticle R is exposed by two or more shot fields on Wafer W. 
[0070] The projection aligners shown in drawing 1 and drawing 2 are the following approaches, and can be 
used as an aligner of a step-and-repeat method. That is, if the diagonal line die length of circuit pattern space 
Pa on Reticle R is smaller than the diameter of the circuit image vision field of 1 / 4 cutback projection lens 
system PL, the configuration and size of opening of a reticle blind in an illumination system 1 0 change, and 
the configuration of the pulse illumination light IA is in agreement with circuit pattern space Pa with it. In 
such a case, a reticle stage 14 and X-Y stage 34 are maintained by the condition of having stood it still 
relatively while exposing each of the shot field on Wafer W. 

[0071] However, supposing Wafer W moves slightly between exposure, slight migration of Wafer W can be 
measured by the laser interferometer systems 33. Moreover, the small error to which the location of the 
wafer W to 1 / 4 cutback projection lens system PL corresponds can be negated by moving slightly under 
control in a reticle stage 14, consequently carrying out flattery amendment by Reticle R side. For example, 
the system for such flattery amendment is indicated by JP,6-2041 1 5,A and JP,7-220998,A. The technique 
indicated by these open official reports can be used if needed. 

[0072] If the configuration and size of opening of a reticle blind change, the pulse illumination light IA 
which reaches a reticle blind from the light source can be collected within limits adjusted in adjusted 
opening by preparing a zoom lens system according to change of the configuration of opening, or size. 
[0073] Only by meeting in the rolling direction over the direction which rotates a Y-axis as a core, i.e., the 
scanning exposure direction in this example, tilt accommodation between scanning exposure can be 
performed from the field of the projected image SI being set as a strip configuration long and slender in the 
direction of X, or a rectangle configuration, as clearly shown in drawing 2 . Supposing the width of face in 
the scanning direction of the projected image SI field is large needless to say to extent which needs to take 
into consideration the effect of the flatness on the front face of a wafer to the scanning direction, tilt 
accommodation in the pitching direction will be performed between scanning exposure. This actuation is 
explained more to a detail about other examples of the invention in this application. 

[0074] The focal detection systems GDL, GDR, and GDC shown in drawing 1 are arranged as illustrated by 
drawing 3 . Drawing 3 is the perspective view showing arrangement of the detection point of the focal 
detection system on the flat surface in which the circular image vision field CP is formed by the image side 
of 1 / 4 cutback projection lens system PL. Drawing 3 shows only arrangement of the focal detection 
systems GDL and GDC. The focal detection system GDR is omitted. It is because the focal detection system 
GDR is the same structure as the focal detection system GDL. 

[0075] If drawing 3 is referred to, the focal detection system GDC is equipped with two detectors GDC1 and 
GDC2. Detectors GDC1 and GDC2 are set up so that the detection points (detection field) FC1 and FC2 
may be positioned on the extension wire LLc elongated from the axis of the image SI with which the 
rectangle was projected by the strip. The image SI with which the rectangle was projected by the strip is the 
circular image vision field CP of 1 / 4 cutback projection lens system PL, and is elongated in the diameter 
direction (the direction of X). These detectors GDC1 and GDC2 detect the amount of position errors of the 
Z direction to the height location and the best focal flat-surface location of Wafer W (or auxiliary plate 
section HRS) on top. 

[0076] On the other hand, the focal detection system GDL is equipped with five detectors GDA1, GDA2, 
GDB1, GDB2, and GDB3 in this example. Detectors GDA1, GDA2, GDB1, GDB2, and GDB3 are 
equipped with the detection points (detection field) FA1, FA2, FBI, FB2, and FB3, respectively. The 
detection points FA1, FA2, FBI, FB2, and FB3 are positioned by the straight line LLa parallel to extension 
wire LLc. Each of these five detectors GDA1, GDA2, GDB1, GDB2, and GDB3 detects the amount of 
position errors of the Z direction to the height location and the best focal flat-surface location of the point in 
the top face of Wafer W (or auxiliary plate section HRS) independently. 

[0077] Extension wire LLc and a straight line LLa keep fixed distance in the scanning direction (the 
direction of Y) mutually, and are set as it. Moreover, the detection point FA 1 of a detector GDA1 and the 
detection point FC 1 of a detector GDC 1 are substantially set as the same coordinate location in the direction 
of X. On the other hand, the detection point FA 2 of a detector GDA2 and the detection point FC2 of a 
detector GDC 2 are substantially set as the same coordinate location in the direction of X. 
[0078] The detection points FBI, FB2, and FB3 of three detectors GDB1, GDB2, and GDB3 are arranged so 
that the field of the image SI with which the strip or the rectangle was projected may be covered in the 
direction of X. That is, the detection point FB2 is arranged in the X coordinate location corresponding to the 
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core (point along which an optical axis AX passes) in the direction of X of the field of the projected image 
SI. On the other hand, the detection points FBI and FB3 are arranged in the X coordinate location 
corresponding to the location near [ in the direction of X of the projected image SI ] ends. Therefore, the 
three detection points FBI, FB2, and FB3 are used, and the focal error in the surface section of the wafer W 
corresponding to the projected image SI field can be predicted now. 

[0079] The focal detection system GDR which is not illustrated by drawing 3 is equipped with three read- 
ahead detectors GDE1, GDE2, and GDE3 and other two detectors GDD1 and GDD2. Detectors GDD1 and 
GDD2 are arranged at the both sides of the direction of X of the read-ahead detectors GDE1 , GDE2, and 
GDE3. in order to simplify explanation — this example — setting — 12 detectors GDA1 and GDA2; — two or 
more flat surfaces accepted by GDB1, GDB2, DB3;GDC1, GDC2;GDD1, GDD2;GDE1, and GDE2 and 
GDE3 as two or more best focal locations are assumed to be what is adjusted at one XY flat surface. That is, 
there is no offset on a system among 12 detectors, moreover — as the location where the detected focal error 
becomes zero — the 12 detection points FA 1 and FA2; — the surface height location of FBI, FB2, FB3;FC1, 
FC2;FD1, FD2;FE1, and the wafer W detected by FE2 and FE3 is assumed to be what receives mutually and 
is approaching mostly. 

[0080] The edge of 1 / 4 cutback projection lens system PL can use a photo sensor, an air micrometer type 
sensor, an electrostatic-capacity type gap (gap) sensor, etc. as 12 focus detectors which are not dipped in a 
liquid and which were mentioned above when becoming. However, if the projection system of an immersion 
type is formed, of course, an air micrometer type sensor cannot be used. 

[0081] Drawing 4 is the block diagram of an example of the AF control unit 38 for processing the detecting 
signal (error signal) from the focal detection systems GDL, GDR, and GDC shown in drawing 1 and 
drawing 3 . One group of the group of the detecting signal from five detectors GDA1, GDA2, GDB1, 
GDB2, and GDB3 of the read-ahead focal detection system GDL and the groups of the detecting signal from 
five detectors GDD1, GDD2, GDE1, GDE2, and GDE3 of the focal detection system GDR is chosen by the 
change circuit 50, and is supplied to a subsequent processing circuit as shown in drawing 4 . 
[0082] The change circuit 50 answers the change signal SS 1 supplied from the location supervisory circuit 
(location monitor circuit) 52 (the result of distinction of a direction is expressed), and chooses the signal 
from one side of the focal detection systems GDL and GDR. The location supervisory circuit 52 
distinguishes one migration direction of the scanning migration direction of the wafer stage 34 from [ of 
another side ] migration based on the stage control information from the wafer stage controller 35. 
Moreover, the location supervisory circuit 52 is supervising change of the location which Wafer W moved 
from the read-ahead location to the exposure location. In the condition by which it was shown in drawing 4 , 
the change circuit 50 has chosen five detecting signals from the focal detection system GDL. 
[0083] The detecting signal from the read-ahead detectors GDB1, GDB2, and GDB3 about an exposure 
field (the projected image SI) is supplied to the 1st calculator 54 for calculating a focal error amount and a 
tilt error amount. The 1st calculator 54 supplies focal error amount deltaZf of the surface field of the wafer 
W read in advance on the three detection points FBI, FB2, and FB3, and the error data DTI and DT2 about 
tilt error amount deltaTx (delicate inclination centering on a Y-axis) to the 2nd count and store circuit 56. 
[0084] On the other hand, detectors GDA1 and GDA2 supply information ZA1 and information ZA2 to the 
2nd count and store circuit 56. Information ZA1 expresses the height location (namely, focal gap) of the 
front face in the detection point FA 1 . Information ZA2 expresses the height location (namely, focal gap) of 
the front face in the detection point FA 2. Detection of information ZA1 and Information ZA is performed to 
the detection and coincidence on the front face of a wafer by three detectors GDB1, GDB2, and GDB3. 
[0085] Based on the error data DTI and DT2, information ZA1 and ZA2, and the relative-position relation 
between detectors, the 2nd count and store circuit 56 calculate the desired value delta Zl and delta Z2 of the 
height location of the wafer W which should be detected on the detection points FC1 and FC2 of the 
detectors GDC1 and GDC2 set as the projection exposure location about the direction (the scanning 
direction) of Y. The 2nd count and store circuit 56 memorize the calculated desired value delta Zl and delta 
Z2 temporarily. 

[0086] The semantics of desired value delta Zl and delta Z2 is as follows. Namely, the wafer W read in 
advance on the read-ahead detection points FA1 and FA2 () Or when the annular surface section of the 
auxiliary plate section HRS reaches the detection points FC1 and FC2 in a corresponding exposure location 
Focal error amount deltaZf and tilt error amount deltaTx as which they will be determined by read ahead if 
the information ZC1 and information ZC2 which were detected by detectors GDC1 and GDC2 are equal to 
desired value delta Zl and delta Z2 respectively become zero in an exposure location. 
[0087] Furthermore, just before the field about the direction of Y on the predicted wafer arrives at the 
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exposure location where a projection image SI is exposed, the 2nd count and store circuit 56 output the 
memorized desired value delta Zl and delta Z2 to the 3rd count and actuation circuit 58. 
[0088] Therefore, synchronizing with the signal SS 2 outputted from the location supervisory circuit 52, the 
2nd count and store circuit 56 output the signal showing the desired value delta Zl and delta Z2 memorized 
temporarily to the 3rd count and actuation circuit 58. After only the time amount determined resemble the 
distance between the straight lines LLa and extension wire LLc in the direction of Y and the passing speed 
of Wafer W is delayed to said signal showing desired value delta Zl and delta Z2, it is outputted to the 3rd 
count and actuation circuit 58. 

[0089] If a signal SS 2 is outputted whenever Wafer W moves and only the distance corresponding to the 
width of face of a projection image SI in the scanning direction is scanned The distance in the direction of Y 
between the straight lines LLa and extension wire LLc which were shown in drawing 3 The fixed desired 
value delta Zl and delta Z2 of the group (for example, 5 sets) of a number corresponding to the number 
obtained by doing the division of (for example, about 40mm) by the width of face (about 8mm) of a 
projection image SI is memorized in the 2nd count and store circuit 56. Therefore, the 2nd count and store 
circuit 56 function as memory which memorizes desired value delta Zl and delta Z2 by the FIFO (FIFO) 
approach. 

[0090] The 3rd count and actuation circuit 58 answer a signal SS 3 from the location supervisory circuit 52, 
and read the detection information ZC1 and ZC2 'about the height location of the front face of the wafer W 
(or annular auxiliary plate section HRS) detected by detectors GDC1 and GDC2. Immediately after that, the 
field on the wafer W detected in the read-ahead location reaches in an exposure location (location of the 
projected image SI). 

[0091] Simultaneously, the 3rd count and actuation circuit 58 read the data of the desired value (it 
corresponds to an exposure location) delta Zl and delta Z2 outputted from the 2nd count and store circuit 
56. And the 3rd count and actuation circuit 58 determine the amount of actuation corresponding to the Z- 
drive motors 32A, 32B, and 32C shown in drawing 1 (the amount of centering control, and amount of rate 
accommodation) by count based on the detection information ZC1 and ZC2 and desired value delta Zl and 
delta Z2. Subsequently, the 3rd count and actuation circuit 58 output the data of the determined amount of 
actuation to the Z-drive motors 32A, 32B, and 32C. 

[0092] Almost all the components of drawing 4 are materialized by the microcontroller and microprocessor 
which perform the suitable program which can write by this contractor from a viewpoint of drawing 4 and 
which were programmed. 

[0093] Drawing 5 is a top view explaining the function of the annular auxiliary plate section HRS formed in 
the periphery of a wafer electrode holder as shown in drawing 1 . In this example, since all the detection 
points of a focal detection system are positioned on the outside of the projection visual field CP of 1 / 4 
cutback projection lens system PL which was mentioned above, when carrying out scanning exposure of the 
shot field of the shoes arranged to the periphery of this wafer W among two or more shot fields SAn on 
Wafer W, some focal detection points may be put on the surrounding outside of Wafer W. 
[0094] For example, when scan exposure of the surrounding shot field SA 1 of the wafer W positioned on 
the wafer electrode holder WH using the notch [ PURIARAIMENTO / notch ] (alignment was carried out in 
advance) NT is carried out as shown in drawing 5 , The focal detection point FA 1 (or FD1) and the 
detection point FC1 of the focal detection system GDC of an exposure location in the edge of the read-ahead 
focal detection system GDL (or GDR) are put on the outside of Wafer W. In this case, it is usually difficult 
to perform focusing and tilt accommodation. 

[0095] The main functions of the annular auxiliary plate section HRS are enabling tilt motion with the usual 
focusing in such a case. The detection point FA 1 (or FD1) and the detection point FC1 which were put on 
the outside of Wafer W are set up so that it may be positioned on the front face of the annular auxiliary plate 
section HRS, as shown in drawing 5 . Therefore, as for the height of the annular front face of the auxiliary 
plate section HRS, it is desirable that it is substantially equal to the height of the front face of Wafer W. 
[0096] When it explains more concretely, the front face of Wafer W and the front face of the annular 
auxiliary plate section HRS are detection within the limits corresponding to the detection points FA1 (FA2), 
FC1 (FC2), and FD1 (FD2), and it receives mutually and is on the same flat surface. In the detection range, 
the linearity of a request of the focus detector corresponding to the detection point is secured, furthermore, 
extent as the reflection factor of a standard wafer (silicon) with the reflection factor of the auxiliary plate 
section HRS same since it is used [****** ] instead of the front face of the annular auxiliary plate section 
HRS being a front face of Wafer W » or it is the same value. For example, as the annular auxiliary plate 
section HRS, the front face by which mirror finish was carried out is desirable. 
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[0097] (On the wafer electrode holder WH) If Wafer W moves in the direction of the arrow head shown in 
drawing 5 and is scanned, the detection point FA 1 of the focal detection system GDL, FA2;FB1, and FB2 
and FB3 will be chosen as a read-ahead sensor about the shot field SA 1 . In this case, the extension wire 
LLc corresponding to a core for the ability setting in the direction of Y of a projection image SI, If distance 
between the straight lines LLa by which the detection point of the focal detection system GDL is arranged is 
set to DLa and distance between extension wire LLc and the straight line LLb by which the detection point 
of the focal detection system GDR of another side is arranged is set to DLb In this example, DLa and DLb 
are set up so that DLa may become almost equal to DLb. Time delay deltat concerning the focal read-ahead 
location on Wafer W arriving at an exposure location is deltat=DLa/Vw (second) from the rate Vw of the 
wafer W at the time of scanning exposure. Therefore, in the 2nd the count and store circuit 56 which were 
shown in drawing 4 , the time amount for memorizing temporarily desired value delta Zl and delta Z2 is 
equal substantially with time lag (time lag) deltat. 

[0098] However, you may make it choose distance DLa and distance DLb according to the constraint related 
to the structure of an aligner, so that DLa may not become equal to DLb. Needless to say, in such a case, 
desired value deltaZl and the time delay of supply of deltaZ2 are set up by different die length about the 
activity of the read-ahead focal detection system GDL, and the activity of the read-ahead focal detection 
system GDR. 

[0099] Focusing of the 1 st example constituted as mentioned above, and an operation of tilt motion are 
explained with reference to drawing 6 A thru/or drawing 6 D. Drawing 6 A shows in graph the condition on 
the front face of an upside of the annular auxiliary plate section HRS detected by the read-ahead focal 
detection system GDL at a certain flash while carrying out scanning exposure of the circumference shot 
field S A 1 of the wafer W as shown in drawing 5 , and the condition on the front face of an upside of Wafer 
W. 

[0100] In drawing 6 A thru/or drawing 6 D, the level line BFP shows the optimal focal plane of 1 / 4 
cutback projection lens system PL. In the shot field SA 1, the detector GDB1 which detects the location in 
the Z direction on the front face of a wafer on the detection point FBI outputs the detecting signal which 
expresses deltaZB 1 as an amount of Z position errors on the front face of a wafer to a flat surface BFP (the 
out-of-focus amount of defocusing, i.e., the amount). Similarly, the detectors GDB2 and GDB3 which detect 
the error of the location in the Z direction on the front face of a wafer on the detection points FB2 and FB3 
output the detecting signal showing errors delta ZB2 and delta ZB3. If a wafer front face is below the 
optimal focal plane BFP, each of these Z position error has the negative value. Moreover, if a wafer front 
face is above the optimal focal plane BFP, each of Z position error has the forward value. 
[0101] The value of these errors delta ZB1, delta ZB2, and delta ZB3 is inputted into the 1st the count and 
store circuit 54 which were shown in drawing 4 . The 1 st count and store circuit 54 determine the parameter 
of the formula showing the approximation side APP (in practice approximation straight line) shown in 
drawing 6 B of the predicted whole part in the shot field SA 1 by the least square method etc. based on these 
error values. The parameters determined by it are focal error amount deltaZf of the approximation side APP, 
and tilt error amount deltaTx, as shown in drawing 6 B. Thus, the value of calculated focal error amount 
deltaZf and tilt error amount deltaTx is outputted to the 2nd count and store circuit 56 as data DT 1 and data 
DT 2. In this example, focal error amount deltaZf is calculated as a substantial error in the central point in 
the direction of X of the shot field SA 1 (it corresponds to the detection point FB2). 
[0102] As mentioned above, when detectors GDB1, GDB2, and GDB3 detect Z position error, detectors 
GDA1 and GDA2 detect simultaneously the Z position errors delta ZA1 and delta ZA2 of the wafer front 
face to the optimal focal plane in the detection points FA1 and FA2, or the front face of the annular auxiliary 
plate section HRS. These errors delta ZA1 and delta ZA2 are memorized temporarily in the 2nd count and 
store circuit 56. 

[0103] Supposing the approximation side APP as shown in drawing 6 B immediately after this detection and 
storage is amended so that it may be in agreement with the optimal focal plane BFP as shown in drawing 6 
C Namely, supposing the wafer electrode holder WH is adjusted in a Z direction and the tilt motion 
direction so that it may be set to tilt error amount deltaTx=0 so that it may be set to focal error amount 
deltaZf=0 and The 2nd count and store circuit 56 Data DTI and DT2 (error amounts delta Zf and delta Tx), 
The Z position errors delta ZA1 and delta ZA2 actually measured on the detection points FA1 and FA2, 
Based on the distance DS in the direction of X between each of the central point of a shot field, and the 
detection points FA1 and FA2, Z location desired value deltaZl which should be detected on the detection 
point FA 1 , and Z location desired value deltaZ2 which should be detected on the detection point FA 2 are 
calculated. Calculated Z location desired value delta Zl and delta Z2 is temporarily memorized in the 2nd 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/2/2006 



JP,10-154659,A [DETAILED DESCRIPTION] 



Page 13 of 23 



count and store circuit 56 until the field where it was predicted on Wafer W arrives at the field of a 
projection image SI (exposure location). 

[01 04] When the field where it was predicted on Wafer W arrives at an exposure location, in order that the 
3rd the count and actuation circuit 58 which were shown in drawing 4 may detect Z position error in the 
detection points FC1 and FC2, the detecting signal from detectors GDC1 and GDC2 is read. For example, if 
it is in the condition that the field where it was predicted on Wafer W was shown in drawing 6 D just before 
arriving at an exposure location, a detector GDC 1 will output the detecting signal ZC1 showing Z position 
error in the detection point FC1 . On the other hand, a detector GDC 2 outputs the detecting signal ZC2 
showing Z position error in the detection point FC2. 

[0105] Subsequently, the value of the detecting signals ZC1 and ZC2 supplied from detectors GDC1 and 
GDC2 the 3rd count and actuation circuit 58 So that it may become equal to Z location desired value delta 
Zl and delta Z2 which is delayed and is supplied from the 2nd count and store circuit 56, respectively In a Z 
direction, three Z-actuators 32A and 32B required a tilt and/or in order to carry out translational motion, and 
the amount of actuation for 32C are calculated for the wafer electrode holder WH. The 3rd count and 
actuation circuit 58 supply the signal corresponding to said calculated amount of actuation to the Z-actuators 
32A, 32B, and 32C. 

[0106] The shot field SA 1 of the top face of Wafer W is an exposure location, and it is adjusted by it at 
accuracy so that it may be in agreement with the Optimal focal plane BFP. Consequently, the projection 
image SI of the pattern of Reticle R which should be maintained by the optimal image formation condition 
is exposed in the scanning mode of a shot field. 

[0107] Between this actuation in the 1st example, when the front face of Wafer W or the front face of the 
annular auxiliary plate section HRS is in agreement with the optimal focal plane BFP, each detector in the 
read-ahead focal detection system GDL and each detector in the exposure location focal detection system 
GDC are, when there is no focal error, they show things, and they are set up so that a detecting- signal output 
may be carried out ( calibration). However, it is difficult to set a detector as such a condition strictly. The 
pattern image with which the detection offset between the detectors GDA1 and GDA2 (GDD1 and GDD2) 
in the read- ahead focal detection system GDL (GDR) and the exposure location focus detectors GDC1 and 
GDC2 was especially formed in Wafer W for exposure is made, as for a focus, to cause a gap uniformly. 
[0108] Therefore, the height location in the Z direction to which a detector GDC 1 detects the focal error of 
zero, A detector GDA1 (GDD1) the offset value between the height locations in the Z direction which 
detects the focal error of zero You may make it measure and memorize by performing focal detection 
simultaneously with these detectors on the front face of the reflective glass plate (namely, criteria plate) 
prepared in the wafer electrode holder WH where display flatness is very high. This front face can be made 
into other structures of another object in Structure HRS or Structure HRS. Consequently, when the Z- 
actuators 32A, 32B, and 32C drive based on Z position error detected by the exposure location focus 
detectors GDC1 and GDC2, the memorized offset value can amend. 

[0109] The structure of the focus concerning the 2nd example of the invention in this application and a tilt 
sensor is explained with reference to drawing 7 and drawing 8 below. About the 2nd example, the projection 
image SI included in the circular visual field of 1 / 4 cutback projection lens system PL was comparatively 
alike in the direction (the scanning direction) of Y, and is equipped with the big maximum width, and the 
situation that it should be necessary to take the effect of pitching (pitching) of the tilt to the direction of Y of 
the front face of Wafer W, i.e., effect, into consideration by it is assumed. 

[01 10] The exposure location focus detector GDC 1 (not shown) is formed, and the exposure location focus 
detector GDC 1 is equipped with two detection point FCla and FClb as shown in drawing 7 . Detection 
point FCla and FClb are arranged considering extension wire LLc as a core in the direction of Y at the 
symmetry above the projection image SI. And another exposure location focus detector GDC 2 (not shown) 
is formed. The exposure location focus detector GDC 2 is equipped with two detection point FC2a and 
FC2bs. Detection point FC2a and FC2b are arranged considering extension wire LLc as a core in the 
direction of Y at the symmetry below the projection image SI. Furthermore, the read- ahead focus detector 
GDA1 and the read-ahead focus detector GDA2 (not shown) are formed. The read-ahead focus detector 
GDA1 is equipped with two detection point FAla and FAlb. Detection point FAla and FAlb are arranged 
considering the straight line LLa as a core in the direction of Y at the symmetry. The read-ahead focus 
detector GDA2 is equipped with two detection point FA2a and FA2bs. Detection point FA2a and FA2b are 
arranged considering the straight line LLa as a core in the direction of Y at the symmetry. Similarly, the 
read-ahead focus detector GDD1 (not shown) and the read-ahead focus detector GDD2 (not shown) are 
formed. The read-ahead focus detector GDD1 is equipped with two detection point FDla and FDlb. 
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Detection point FDla and FDlb are arranged considering the straight line LLb as a core in the direction of 
Y at the symmetry. The read-ahead focus detector GDD2 is equipped with two detection point FD2a and 
FD2bs. Detection point FD2a and FD2b are arranged considering the straight line LLb as a core in the 
direction of Y at the symmetry. 

[01 1 1] The read-ahead focus detector GDBn (2 n= 1, 3) (not shown) and the read-ahead focus detector 
GDEn (2n= 1,3) (not shown) are formed again. The read- ahead focus detector GDBn is equipped with two 
or more pairs detection point FBI a, FBlb;FB2a, FB2b;FB3a, and FB3b. The read-ahead focus detector 
GDEn is equipped with two or more pairs detection point FEla, FElb;FE2a, FE2b;FE3a, and FE3b. The 
detection point of each set separates from each other in the direction of Y, opens fixed spacing and is 
formed. 

[0112] The focal detection system shown in drawing 7 is the same approach as the 1st example mentioned 
above, and reproduces the amount of accommodation (namely, desired value delta Zl and delta Z2) required 
in order to amend the shape of surface type of each predicted shot field (namely, error amounts delta Zf and 
delta Tx) in the detection point of the off-axis detectors GDC1 and GDC2. A focus [ in / by it / the Z 
direction of an exposure field ] and the tilt accommodation in the direction of X (the rolling direction, i.e., 
the rolling direction) are possible. 

[01 13] In this example the read-ahead focal detection system GDL (GDR) and the exposure location focal 
detection system GDC From having two or more pairs of detection points (FAna, FAnb;FBna, FBnb;FCna, 
FCnb;FDna, FDnb;FEna, and FEnb) with which only fixed distance opened spacing and was established in 
the direction of Y Tilt error amount deltaTy of the predicted shot field in the pitching direction Are 
detectable from the difference between Z position errors in the detection point (... na, ... nb) which forms 
two or more pairs in the direction of Y. Moreover, the amount of accommodation required to amend the 
shape of surface type of the shot field containing tilt error amount deltaTy (namely, desired value delta ZA1 
and delta ZA2) is reproducible with the detection point (FCna and FCnb) of the off axis detectors GDC1 and 
GDC2. 

[01 14] The detectors GDB1, GDB2, and GDB3 for the detection points FBI, FB2, and FB3 shown in 
drawing 3 to detect a focal location are arranged as a system which carried out mutually-independent by 
fixing to the lower part section of 1 / 4 cutback projection lens system PL. However, these three detectors 
GDB1, GDB2, and GDB3 can let a common objective lens system pass, and they can constitute it so that the 
detection points FBI, FB2, and FB3 may detect a focal location. [ at least ] The same thing can be said also 
about the group of three detectors GDE1, GDE2, and GDE3 for detecting a focal location on the detection 
points FB 1, FB2, and FB3 shown in drawing 5 . 

[0115] Furthermore, an objective lens system common for the same object may be used about other groups 
of six detectors who detect a focal location on the six detection points FEna and FEnb (2n= 1 , 3) on the six 
detection points FBna and FBnb (2 n= 1, 3) shown in drawing 7 , concerning the group of six detectors who 
detects a focal location. Therefore, two or more detection points explain briefly the configuration which uses 
the common objective lens system for detectors which detects a focal location with reference to drawing 8 . 
[0116] Drawin g 8 is an abbreviation side elevation location— related [ between the projection lenses and 
detectors which were seen in the direction of Y by drawing 7 ]. The detector supports the six detection 
points FBna and FBnb (2 n= 1, 3) shown in drawing 7 , four detection point FAla, FAlb and FA2a, and 
FA2b. Therefore, the scanning direction of the wafer W in drawing 8 is a direction which intersects 
perpendicularly to the flat surface of the drawing 8 concerned. Five detection point FAla arranged in the 
direction of X in the location of the leftmost of drawing 7 at the single tier, FBna (2 n= 1, 3), and FA2a are 
represented and shown in drawing 8 . Detection point FAlb, FBnb (2 n= 1, 3), and FA2b of another train 
adjoin five (setting in the direction which intersects perpendicularly to the space of drawing 8 ) detection 
point FAla and FBna(s) (2 n= 1, 3), and FA2a. In this example, the focal location in these ten detection 
points is detected by the objective lens system. 

[0117] The illumination light ILF from illumination-light study system 80 A including the light sources (for 
example, light emitting diode, laser diode, a halogen lamp, etc.) is emitted through each of ten small slits 
formed in multi-slit-plate 81 A as shown in drawing 8 . Said light source can emit light of the wavelength 
field which the resist layer on Wafer W does not expose. Ten small slits are arranged corresponding to the 
ten detection points FBna and FBnb (2 n= 1, 3) set as Wafer W, FAla, FAlb, FA2a, and FA2b. The 
transmitted light of a small slit passes along lens system 82A and reflecting mirror 83A, and they carry out 
incidence to objective lens 84A of a projection system. And only a desired include angle is deflected by 
prism 85A, and a slit image is formed in each detection point. 

[0118] Illumination-light study system 80A, multi-slit-plate 81 A, lens system 82 A, reflecting mirror 83 A, 
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objective lens 84A, and prism 85A constitute the projection system of an oblique incidence light type focal 
detection unit. The continuous line of the optical path ranging from multi-slit-plate 81 A to Wafer W shown 
in drawing 8 expresses the chief ray of the light transmitted from the small slit, and the dotted line in an 
optical path expresses with detection point FB2a (or FB2b) the typical image formation beam of light SLf of 
the small slit image formation light by which image formation is carried out. 

[01 19] The reflected light of the small slit image formation light reflected on each detection point on Wafer 
W passes along prism 85B, objective lens 84B, reflecting mirror 83B, and lens system 82B, and image 
formation is again carried out by light-receiving slit-plate 8 IB. Prism 85B, objective lens 84B, reflecting 
mirror 83B, and lens system 82B are arranged in general to said projection system at the symmetry. Ten 
small slits for light-receiving arranged corresponding to said small slit prepared in projection multi-slit-plate 
81 A are formed in light-receiving slit-plate 8 IB. The light which transmitted the small slit for these light- 
receiving is received by light-receiving equipment 80B. Light-receiving equipment 80B is two or more 
photoelectrical sensing elements. 

[0120] As two or more photoelectrical sensing elements of light-receiving equipment 80B, ten 
photoelectrical sensing elements are prepared corresponding to the location of the small slit of light- 
receiving slit-plate 81 B so that the focal location in the detection point on a wafer can be detected 
separately. Light-receiving equipment 80B, light-feceiving slit-plate 8 IB, lens system 82B, reflecting mirror 
83B, objective lens 84B, and prism 85B constitute the light-receiving system of an oblique incidence light 
type focal detection unit. The continuous line of the optical path which goes to light-receiving slit-plate 81B 
from the wafer W shown in drawing 8 expresses the chief ray of the small slit usually reflected by the target 
with Wafer W. The dotted line in an optical path expresses the typical image formation beam of light RSf 
which goes to light-receiving slit-plate 8 IB from detection point FB2a (or FB2b). 

[0121] The projection system and light-receiving system which were shown in drawing 8 are attached in the 
metal member formed in one. The location of a component receives mutually and is maintained by it at 
accuracy. The metal member is being fixed so that it may not move to the lens barrel (lens-barrel) of 1 / 4 
cutback projection lens system PL. Another focal detection unit which consisted of same approaches is 
arranged in the opposite hand of 1 / 4 cutback projection lens system PL, is the ten detection points FEna 
and FEnb (2 n= 1, 3) shown in drawing 7 , FDla, FD2a, FDlb, and FD2b, and can detect a focal location 
now separately. 

[0122] It is related with detection point FCla of said couple and FClb which were shown in drawing 7 , and 
detection point FC2a of said couple and FC2b. You may make it prepare the focal detection unit of the 
oblique incidence light type which has each of the projection system arranged in the direction (direction 
which intersects perpendicularly to the space of drawing 8 ) of Y of drawing 7 , and a light-receiving system 
in the both sides in the direction of X of 1 / 4 cutback projection lens system PL. As the focal detection point 
was shown in drawing 5 , when it has been arranged, the focal detection unit of the oblique incidence light 
type shown in drawing 8 can be applied similarly. 

[0123] Next, the scanning aligner to which automatic-focusing doubling / tilt control system of the invention 
in this application are applied is explained according to the 3rd example of the invention in this application 
with reference to drawing 9 . This example is applicable to the scanning aligner for substrates which has the 
big substrate of 300mm, for example, a diameter, or a diameter beyond it. Said scanning aligner is equipped 
with IX projection optical system (namely, 1 time). The projection optical system of said IX is formed in 
the combination (it stood in a line perpendicularly) of the tandem form of a 1 st-step Dyson (Dyson) type 
projection (KADADIOPUTO rucksack (reflective refraction)) image formation system and a 2nd-step 
Dyson (Dyson) type projection image formation system. The 1 st-step DAISON type (KADADIOPUTO 
rucksack) projection image formation system is equipped with the prism mirrors PM1 and PM2 of a couple, 
lens system PL1, and a concave mirror MR1. The 2nd-step DAISON type projection image formation 
system is equipped with the prism mirrors PM3 and PM4 of a couple, lens system PL2, and a concave 
mirror MR2. Such an aligner is indicated by United States patent (given to Swanson etc.) No. 5,298,939. 
[0124] In the aligner shown in drawing 9 , the mask M prepared as an original copy plate and the plate P 
prepared as a photosensitive substrate are supported by carriage 100 in one. The pattern prepared in Mask M 
is imprinted by Plate P as an erect image of IX (single scale factor) by moving the illumination light IL so 
that it may see by drawing 9 to the projection visual field of the projection optical system of IX (single scale 
factor), and carriage 1 00 may be moved to the left or the right and Mask M and Plate P may be scanned 
(scan). 

[0125] In the case of the projection optical system for this type of aligners, it is desirable by making spacing 
of the plane of incidence of the prism mirror PM 1 , and the front face of Mask M, and spacing of the 
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outgoing radiation side of the prism mirror PM 4, and the top face of Plate P into the minimum to decrease 
aggravation of the image formation engine performance (various aberration and image distortion (image 
distortion)). If it puts in another way, and these spacing can fully be decreased, the design of the lens 
systems PL1 and PL2 arranged on opticals axis AX [ AX1 and ] 2 will become easy. Therefore, in order to 
attain the desired image formation engine performance, it is required to decrease the prism mirror PM 1 , 
spacing between Masks M, and the prism mirror PM 4 and spacing between Plates P. 
[0126] In consideration of this condition, carry out focusing of the pattern image projected by this 
projection, and in order to carry out tilt accommodation of a pattern image The exposure location off-axis 
type focal detection system GDC and the read-ahead focal detection systems GDL and GDR like the 1st 
example ( drawing 3 ) or the 2nd example ( drawing 7 , drawing 8 ) As shown in drawing 9 , it is prepared in 
the perimeter of the prism mirror PM 4. By this By moving Plate P in a Z direction and the direction of a tilt 
slightly, the front face of Plate P and the optimal focal plane BFP can be made in agreement with accuracy 
in the exposure location just under the prism mirror PM 4. 

[0127] Furthermore, as shown in drawing 9 , read-ahead focal detection system GDL 1 and GDR 1 , and 
exposure location off-axis type focal detection system GDC 1 can be arranged around the prism mirror PM 1 
by Mask M side so that Mask M may be faced, by these focal detection systems, the focal error and tilt error 
of a field of Mask M which are illuminated by the illumination light IL to the prism mirror PM 1 can be 
detected, and it can set to this, simultaneously a Z direction — small — shifting (focal gap of the image 
surface) — a tilt gap (inclination of the image surface) of the optimal focal plane (namely, conjugation side 
of Reticle R) formed in the part which separated only predetermined working distance from the prism mirror 
PM 4 can be measured. 

[0128] Therefore, in the aligner shown in drawing 9 , it can adjust so that the image surface where image 
formation of the pattern of Mask M is projected and carried out by the projection optical system in the 
optimal condition, and the front face of Plate P may receive high degree of accuracy mutually and may be in 
agreement with it during scanning exposure. 

[0129] The aligner shown in drawing 9 can be constituted so that Mask M and Plate P may be set up 
perpendicularly. Drawing 10 is the perspective view of the typical structure of a scanning aligner. This 
scanning aligner was prepared perpendicularly, namely, is equipped with the carriage of every length. The. 
carriage of every length holds Mask M and Plate P perpendicularly (namely, longitudinally), and moves 
Mask M and Plate P in one to a projection optical system, and it enables it to scan it (namely, scan). The 
scanning aligner which has the mask M perpendicularly held in this mode and Plate P is indicated by JP,8- 
162401, A. 

[0130] Reference of drawing 10 constitutes the whole scanning aligner of a type on fixed base 120A every 
length. Fixed base 1 20A is arranged at the floor equipped with the vibration isolation which intervened 
between the four corner sections of fixed base 120 A, and floors. The side frame sections 121 A and 12 IB are 
formed in the both-sides section of fixed base 1 20A so that it may set up perpendicularly (the direction of 
X). Mask M is formed inside side frame section 121 A. On the other hand, Plate P is formed inside side 
frame section 12 IB. Therefore, opening is formed in side frame section 121 A. The edge of a lighting unit 
122 is inserted in this opening of side frame section 121 A like a graphic display. The lighting unit 122 is 
equipped with the optical system which illuminates Mask M by the illumination light for exposure, and 
performs alignment of a mask and a plate. 

[0131] The guide base section 123 is formed in fixed base 120A so that it may elongate in the scanning 
direction (the direction of Y) among the side frame sections 121 A and 121B. Two straight guide rails 123A 
and 123B are formed in the guide base section 123 so that it may elongate in the parallel direction of Y 
mutually. Every length, in the direction of Y, carriage 125 is supported by the fluid bearing or the magnetic 
floating type bearing on guide-rail 123 A and 123B so that both-way migration can be carried out. Carriage 
125 is driven in the direction of Y at a non-contact ceremony every length with the two linear motors 124 A 
and 124B arranged at parallel. Linear motors 124 A and 124B are equipped with the stator fixed to the guide 
base section 123. 

[0132] Carriage 125 is equipped with mask side carriage section 125 A and plate side carriage section 125B 
every length. Mask side carriage section 125 A is perpendicularly formed by the inside of side frame section 
121 A, in order to hold Mask M. Plate side carriage section 125B is perpendicularly formed by the inside of 
side frame section 12 IB, in order to hold Plate P. Mask table 126A is prepared in mask side carriage section 
125 A. Holding Mask M, mask table 126A can move Mask M in the direction of X, or the direction of Y 
slightly at XY flat surface, or can move Mask M in the revolution (theta) direction slightly. Furthermore, 
mask table 126A can move Mask M to a Z direction slightly, holding Mask M. On the other hand, plate 
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stage 126B is prepared in plate side carriage section 125B. Holding Plate P, plate stage 126B can move Plate 
P in the direction of X, or the direction of Y slightly at XY flat surface, or can move Plate P in the 
revolution (theta) direction slightly. Furthermore, mask table 126A can move Plate P to a Z direction 
slightly, holding Plate P. 

[0133] The projection optical system PL which is indicated by JP,8-162401,A mentioned above is used in 
this example. The projection optical system PL is constituted by arranging the "IX (1 time)" erect-image 
type (for example, 7 sets) double DAISON (Dyson) system of two or more sets in the direction which 
intersects perpendicularly in the direction of X. Within casing, two or more sets of double DAISON (Dyson) 
systems are together put in one, and are held. Casing is seen at XZ flat surface and serves as about T 
typefaces. Thus, the constituted projection optical system PL is attached by hanging from the upside edge of 
the side frame sections 121 A and 121B which countered. The predetermined working distance of Mask M 
and Plate P is maintained by it. 

[0134] In all casing of a projection optical system PL, it is prepared in Mask M side so that focal detection 
system GDC, GDL', and GDR* by the side of Mask M may face Mask M, and it is prepared in Plate P side 
so that the focal detection systems GDC, GDL, and GDR by the side of Plate P may face Plate P, as shown 
in drawing 9 . The read-ahead focal detection system GDL, GDL 1 , and the detection point demarcated by 
GDR and GDR 1 can be set up so that it may be in agreement with the projection visual field of two or more 
sets of double DAISON (Dyson), systems, or it caii be arranged at the predetermined spacing [ be / no 
relation ] to arrangement of a projection visual field. 

[0135] drawing 1 1 — drawing 1 0 — being shown — having had — a projection optical system — PL — casing - 
- preparing — having had — a mask — M — a side — a focus — detection — a system — GDC — ' — GDL — 1 — 
and — GDR — 1 a detector — a layout — an example — a perspective view ~ it is . the effective projection 
visual fields DF1, DF2, DF3, DF4, and DF5 of two or more sets of double DAISON (Dyson) systems - it is 

set up in the direction of X in which intersects perpendicularly in the scanning direction as a field of 

long and slender trapezoidal shape. The projection visual field DFn (n= 1, 2, 3 ...) of trapezoidal shape is 
arranged so that the projection visual field of the trapezoidal shape of a pair of double DAISON (Dyson) 
system which each adjoins may see in the direction of X and only a dip side may lap mutually. 
[0136] Although only the projection visual field DFn prepared in Mask M side is illustrated by drawing 1 1 , 
the projection visual field by the side of Plate P is arranged similarly. For example, the projection visual 
field DF 2 shown in drawing 1 1 is demarcated by the double DAISON (Dyson) system containing two 
concave mirror MR2a and MR2bs as shown in drawing 9 . The projection visual field DF 4 is demarcated 
by the double DAISON (Dyson) system containing two concave mirror MR4a and MR4b. 
[0137] it was shown in drawing 1 1 — as — the read-ahead focal detection system GDL — 'detector GDA1 1 of 
**, GDBT - GDB2 with GDA2' (GDA2 1 not being shown in drawing 1 1 ) the read-ahead focal 
detection system GDR - 'detector GDD1' of**, GDET - GDE2 - GDD2 1 (GDD2 1 is not shown in 
drawing 1 1 ) are arranged at the both sides (they are a before side and the backside to the scanning direction) 
of two or more projection visual fields DFn. Moreover, exposure location focus detector GDC1 1 and 
GDC2' ( drawing 1 1 is not [ detector GDC2* ] shown) are arranged to the ends of the array (array) of two or 
more whole projection visual fields DFn which can be set in the direction of X which intersects 
perpendicularly to the scanning direction. 

[0138] Each of the focus detector mentioned above serves as the static electricity gap sensor air micrometer 
type [ for example, ]. Each of the focus detector mentioned above can also be instead used as an oblique 
incidence light type focus detector. Although only the focus detector which detects with Mask M is 
illustrated by drawing 1 1 , two or more detectors are similarly arranged at the focal detection systems GDC, 
GDL, and GDR so that Plate P can be detected. 

[0139] The controllers KD1 and KD2 for adjusting the various optical properties of two or more sets of 
double DAISON (Dyson) systems are formed in the side section of casing of the projection optical system 
PL shown in drawing 1 1 . Therefore, supposing the location of the optimal focal plane by the side of Mask 
M or Plate P changes with optical property accommodation in the Z direction of drawing 1 1 , the device, 
i.e., the device in which the mechanical (it is optical) focal offset detected as optimal focal plane by each 
focus detector is set up, in which a Z direction location is adjusted will be established. 

[0140] This device can be made into the device in which the location of the focus detector in a Z direction is 
adjusted mechanically so that the die length of an optical path may be changed optically. Or this device can 
make the location evaluated as optimal focal location the device optically adjusted to a Z direction with a 
focus detector so that the die length of an optical path may be changed optically. Instead, a mask or a plate is 
automatically adjusted so that focusing can be performed to a Z direction according to the detecting signal ■ 
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showing a focal error. And offset is added to the moved location in a Z direction. 

[0141] Next, the 4th example in connection with the invention in this application is explained with reference 
to drawing 12 . This example is applicable to the equipment which performs projection exposure, dipping 
the projection edge of projection lens system PL in a liquid, as mentioned above. Drawing 12 is the sectional 
view of the part from the edge of projection lens system PL to the wafer electrode holder WH among said 
equipment. 

[0142] The positive lens component LE 1 equipped with the flat underside Pe and the convex top face is 
being fixed to the edge of projection lens system PL inside a lens barrel (lens-barrel). It finish-machines the 
underside Pe of this positive lens component LE 1 so that it may become an end face at the very end of a 
lens barrel, and the same flat surface. Consequently, turbulence of the flow of Liquid LQ is the minimum. 
The detector which consists of the same read-ahead focal detection systems GDL and GDR and same 
exposure location focal detection system GDC as what was shown in drawing 1 is attached in the lens barrel 
edge of projection lens system PL dipped in Liquid LQ. Consequently, the edge of those very ends is dipped 
in Liquid LQ. 

[0143] Two or more attraction sides 113 which draw the rear face of Wafer W by vacuum attraction are 
formed in the central inner bottom of the wafer electrode holder WH. If it explains more concretely, the 
attraction side 1 1 3 is equipped with two or more band-like circular lands. As for the band-like circular land, 
height is about 1mm. Moreover, a band-like circular land has a predetermined pitch in the diameter direction 
of Wafer W, and each other is concentrically formed in it. Each of the slot formed in a part for the center 
section of a circular land is open for free passage in the tubing 1 12 of the wafer electrode holder WH. 
Tubing 1 1 2 is connected to the source of a vacuum which performs vacuum attraction. 

[0144] In this example, spacing between the underside Pe of the positive lens component LE 1 in the edge of 
projection lens system PL and the top face (or top face of the auxiliary plate section HRS) of the wafer W in 
punctate [ optimal ] (substantial working distance), i.e., the thickness of the liquid LQ with which a 
projection optical path is formed, is set as less than [ 5mm or it ]. Therefore, the depth Hq of the liquid LQ 
filled by the wafer electrode holder WH does not have twice than this thickness (5mm or less than [ it ]), and 
can be enlarged several times. And the height of the wall LB formed at right angles to the perimeter edge of 
the wafer electrode holder WH is about 10mm thru/or 25mm. Therefore, in this example, the complete 
product of the liquid LQ which the thickness of the liquid LQ in the image formation optical path 
corresponding to the working distance of projection lens system PL decreased, consequently was filled by 
the wafer electrode holder WH becomes smaller, and the temperature control of a liquid [LQ] is easier for it. 

[0145] In the field of Liquid LQ in which a projection optical path is formed, when exposure light passes 
through the field, lighting energy is absorbed, consequently, radiant heat fluctuation is alike and easy to take 
place. If the depth Hq of Liquid LQ is small, the temperature rise by such radiant heat fluctuation will arise 
easily, and the adverse effect that the stability of temperature control decreases will arise. In such a case, in 
order to set and to vanish the effect of the radiant-heat fluctuation in a large quantity liquid layer, good 
effectiveness can be acquired by setting the value of the depth Hq of Liquid LQ to working distance several 
times the value of being substantial. 

[0146] In order to form the focal detection systems GDL , GDR , and GDC in the projection system of an 
immersion type as showed in drawing 12 as a detection system optical type , it has prevent that the 
projection beam ( flux of light ) which carries out incidence aslant , and the beam reflected from this front 
face intersect the front face of Wafer W , and the front face of the auxiliary plate section HRS in the 
interface between Liquid LQ and air . Therefore, an example of the focus / tilt detection system suitable for 
a projection type [ such immersion-type ] aligner is explained with reference to drawing 13 . 
[0147] Drawing 13 shows the configuration of the focal detection system GDL arranged near projection lens 
system PL. Other focal detection systems GDR and GDC are constituted the same with the focal detection 
system GDL being constituted. In drawing 13 , the same component as the component shown in drawing 12 
is shown by the same reference mark and the reference figure. 

[0148] Reference of drawing 13 is fixing the prism mirror 200 formed by the glass block near the periphery 
of projection lens system PL. The prism mirror 200 is equipped with the lower part section, and the lower 
part section is dipped in Liquid LQ. The prism mirror 200 is equipped with Reflectors 200a and 200b. A 
part of reflectors 200a and 200b are dipped in Liquid LQ. The prism mirror 200 is equipped with the flat 
sides 200c and 200d again. The beam projected and the beam reflected pass along the flat sides 200c and 
200d, and progresses into Liquid LQ from the glass of the prism mirror 200, or progresses into glass from 
Liquid LQ. The prism mirror 200 is equipped with the flat top face again. 
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[0149] The multi-slit plate 205 lets a condenser lens or the cylindrical shape lens 203 pass, and is 
illuminated by the light (it has the wavelength which does not have actinism to the resist on Wafer W) LK 
from the light source 202 like light emitting diode (LED) or a laser diode (LD). Of this, the projection beam 
a focus / for tilt detection is formed. Two or more transparency slits corresponding to the detection points 
(field) FAn and FBn of the focal detection system GDL are formed in the multi-slit plate 205. It is reflected 
by the beam splitter 207 and the light from each transparency slit is converged as an image formation beam 
which carries out incidence to an objective lens 209, and forms a slit image in the top face of Wafer W. 
[01 50] The image formation beam which came out of the objective lens 209 goes into the prism mirror 200 
through the upper bed side of the prism mirror 200, it reflects like usual by reflector 200a, and it goes into 
Liquid LQ through flat side 200c, carries out incidence to the front face of Wafer W from across, and is 
illuminating Wafer W by this, the beam used as Wafer W4s****s goes into the prism mirror 200 through 
200d of flat sides of an opposite hand, by reflector 200b, it is reflected like usual, and through the upper bed 
side of the prism mirror 200, comes out of the prism mirror 200, and progresses. This reflected light beam 
passes an objective lens 211, and is reflected by the reflective mirror 213 arranged in the pupil location of an 
objective lens 211. 

[0151] The beam reflected by the reflective mirror 213 goes to an opposite direction through an objective 
lens 211, progresses through reflector 200b of the prism mirror 200, and 200d of flat sides, and illuminates 
Wafer W again. With Wafer W, the light beam reflected again progresses through flat side 200c and 
reflector 200a of the prism mirror 200, passes a beam splitter 207, and it carries out incidence to a 
photodetector 215. The photodetector 215 serves as two or more components which receive the light 
corresponding to the multi-slit plate 205. A photodetector 215 outputs independently the detecting signal 
about the detection points FAn and FBn, respectively. 

[0152] Therefore, the focus / tilt detection system shown in drawing 13 are arranged as a double path system 
in which the projection beam reflected by Wafer W is re-reflected by Wafer W. Therefore, its focus / tilt 
detection system can be equipped with higher sensibility about error detection of the surface location of the 
wafer W in a Z direction as compared with a single optical-path system. 

[0153] In this example, the glass block (prism mirror 200) is prepared in the very end of a focus / tilt 
detection system, and that glass block is positioned so that that part may be dipped in Liquid LQ. 
Consequently, a projection beam and a reflective beam do not pass what kind of interface between Liquid 
LQ and air. Therefore, thereby, the optical path of the stable beam is established. Furthermore, the effective 
length of the optical path of the liquid LQ which a projection beam or a reflective beam passes can avoid 
lowering of precision by the temperature change of Liquid LQ, when decreasing by the prism mirror 200 
and measuring Z location by it. 

[01 54] The example of modification of the structure of the wafer electrode holder WH shown in drawing 1 
and drawin g 5 is explained with reference to drawing 14 and drawing 15 . Drawing 14 is the sectional view 
of the wafer electrode holder WH attached in the projection aligner which exposes an immersion type. In 
this example, Z-actuation unit 220 in which jogging accommodation like a piezoelectric device is possible is 
formed. Z-actuation unit 220 can move slightly the auxiliary plate section HRS surrounding the attraction 
side 113 which supports Wafer W. Z-actuation unit 220 in which jogging accommodation is possible moves 
[ Stoke / with a divisor of 1 0 micrometers ] the auxiliary plate section HRS to a Z direction. 
[0155] If the difference between the height of the front face of Wafer W prepared on the attraction side 113 
of the wafer electrode holder WH and the height in the Z direction of the front face of the auxiliary plate 
section HRS is larger than tolerance, it can use this Z-actuation unit 220, can amend the height of the front 
face of the auxiliary plate section HRS, and can decrease said difference to a value smaller than said 
tolerance. 

[0156] As mentioned above with reference to drawing 5 , the front face of the auxiliary plate section HRS is 
functioning as an alternative detection front face for the focal detection points FD [ FA1 (or FA2), FC1 (or 
FC2), and ] 1 (or FD2) established in the outside of Wafer W, when the shot field SA 1 of the periphery of 
Wafer W is exposed. However, when the shot field SA 2 (refer to drawing 5 ) inside Wafer W is exposed, 
these focal detection points are positioned on Wafer W. Therefore, as for the focus detectors GDA1, GDA2, 
GDC1, GDC2, GDD1, and GDD2 which have the detection point which is not monopolistically positioned 
on [ one ] the front face of the auxiliary plate section HRS, and the front face of Wafer W, Z location must 
be measured by accuracy on [ each ] these front faces. That is, the location in the Z direction of the front 
face of the auxiliary plate section HRS and the front face of Wafer W needs to be located in the linearity 
focal measuring range of each focus detectors GDAn, GDCn, and GDDn. 

[0157] For example, if ** 10 micrometers of linearity focal measuring range of a focus detector become, Z 
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location gap of the front face of the auxiliary plate section HRS and the front face of Wafer W will be 
restricted within the limits of several micrometers. However, the thickness of a wafer changes by the 
tolerance determined according to a standard [ for SEMI (Semiconductor Equipment and Materials 
Institute) ] one. It is difficult to restrict the thickness of all usable wafers within the limits of several 
micrometers. 

[01 58] Therefore, when it is drawn in the wafer electrode holder WH with which Wafer W was shown in 
drawing 14 before being exposed, the difference between Z location (a part for for example, the center 
section of a circumference shot field) of a part with a suitable wafer W front face and Z location of the front 
face of the auxiliary plate section HRS is measured by using one of the focal detection systems (GDL, GRD, 
GDC), and exposure is performed after that. If the difference has crossed tolerance (for example, several 
micrometers), the height of the auxiliary plate section HRS will be adjusted by controlling Z-actuation unit 
220 which was shown in drawing 14 and in which jogging accommodation is possible so that the difference 
may be settled in tolerance. Since the wafer electrode holder WH shown in drawing 14 is filled with Liquid 
LQ, water proofing of the Z-actuation unit 220 in which jogging accommodation is possible is carried out, 
and the enter lump by the unit concerned of a liquid is prevented by this. 

[01 59] Next, the configuration shown in drawing 15 is explained. Drawing 15 is the sectional view of the 
example of modification of the structure equipped, with the wafer electrode holder WH and the ZL stage 30 
suitable for exposing a wafer in atmospheric air. The component corresponding to the component shown in 
drawing 14 is shown by the same reference mark and the reference figure. Reference of drawing 15 
constitutes the wafer electrode holder WH as a chuck. Only the attraction side 1 13 for supporting Wafer W 
is formed in the wafer electrode holder WH. The wafer electrode holder WH is being fixed to the ZL stage 
30. 

[0160] The auxiliary plate section HRS is attached in the ZL stage 30 with Z-actuation unit 220 in which 
jogging accommodation is possible. Z-actuation unit 220 intervenes between the auxiliary plate section HRS 
and the ZL stage 30. Each operation point PV of three Z-actuators 32A, 32C, and 32B (not shown [ 32B ] to 
drawing 15 ) which drive the ZL stage 30 in a Z direction and the tilt motion direction is set as the point of 
the periphery of the wafer clamp face (attraction side 1 13) of the wafer electrode holder WH, and the ZL 
stage 30 which is in the same height substantially. 

[0161] Moreover, the height of the auxiliary plate section HRS is the same approach as having been shown 
in drawing 14 , and is adjusted by the height of the top face of Wafer W by using Z-actuation unit 220 in 
which jogging accommodation is possible as shown in drawing 15 . The height of the operation point PV is 
set as the same height as a wafer front face. The structure of the ZL stage 30 and the structure of the Z- 
actuators 32A, 32C, and 32B which were shown in drawing 15 are applicable also to the aligner shown in 
drawing 1 . Moreover, focusing suitable for the projection exposure approach of an immersion- type 
projection aligner or an immersion type and a tilt motion stage can be formed by attaching the wafer 
electrode holder WH of drawing 14 in the ZL stage 30 of drawing 15 . 

[0162] The invention in this application explained application to an aligner. However, the example 
mentioned above can be changed by various approaches, without leaving the range of the invention in this 
application. For example, in the case of the aligner which performs projection exposure in atmospheric air, 
the focal detection systems GDL, GDR, and GDC can be equipped with an electrostatic-capacity type gap 
sensor or an air micrometer type gap sensor. Moreover, the invention in this application is applicable to the 
projection aligner of every type the step-and-repeat type which uses the pulsed light (248nm) emitted as for 
example, an exposure light from g line (463nm) or i line (365nm) emitted from a mercury discharge lamp, 
or a KrF excimer laser, a step, a scanning type, and "IX (1 time)" scanning type. 

[0163] While the working distance of the projection optical system attached in the projection aligner is set 
as the very small value according to the invention in this application, exact focusing in an exposure location 
and tilt control are realizable, the amendment of various aberration and the amendment of distortion in the 
optical design of a projection optical system become easy by it, and size of the transparent optical element 
positioned near the image surface can be especially made small. 

[0164] Each of focusing / tilt control system in connection with the example which the invention in this 
application mentioned above is applicable to a projection aligner fixed type. However, the invention in this 
application can be applied also to the focus / tilt detection system for beam processing (manufacture) 
equipment, drawing equipment, test equipment, etc., and is not limited to semi-conductor manufacture 
again. Optical or an electro-optics objective lens system is prepared in these beam processing equipments, 
drawing equipment, and test equipment. The invention in this application is applicable to optical or said 
electro-optics objective lens system as a focal detection system for detecting the focus on a substrate, the 
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specimen, or a workpiece. 

[0165] Drawing 16 shows the configuration of the focal detection system applied to the objective lens 
optical system of the equipment which draws a pattern on the equipment into which a workpiece is 
processed with a laser beam or an electron beam, or a workpiece. Drawing 1 7 shows the flat layout of the 
detection point of a focal detection system shown in drawing 16 . 

[0166] If drawing 16 is referred to, by the scanning mirror 300, the beam LBW for processing or drawing 
will be deflected in single dimension or two-dimensional, and will pass along a lens system 301, the fixed 
mirror 302, and a lens system 303, and will carry out incidence to a beam splitter 304. It is reflected by the 
beam splitter 304 and incidence of the beam LBW is carried out to the objective lens system 305 of high 
resolution which has slight working distance. Beam LBW is condensed by the objective lens system 305 by 
the small spot which has a predetermined configuration (for example, variable-length rectangle 
configuration) on Workpiece WP. 

[0167] Workpiece WP is being drawn and fixed to the same wafer electrode holder WH as a thing as shown 
in drawing 14 or drawing 15 . The auxiliary plate section HRS is attached in the wafer electrode holder WH 
in one around Workpiece WP. It is fixed to the XYZ-stage which is not illustrated and this XYZ-stage of the 
wafer electrode holder WH is movable two-dimensional to the direction which sees by the horizontal 
direction or drawing 16 and intersects perpendicularly to space. The wafer electrode holder WH moves 
perpendicularly (the direction of Z-) slightly again, and has come to be able to do focusing. 
[0168] The optical fiber 310 for emitting the illumination light for observation, alignment, or collimation 
doubling, the beam splitter 3 1 1 and lens system 312 which show the above-mentioned beam splitter 304 to 
the illumination light, and the light-receiving equipments (for example, a photo multiplier, the camera tube, 
CCD, etc.) 314 are formed in the equipment shown in drawing 16 . Light-receiving equipment 314 can 
detect now in photoelectricity the reflected light, light scattered about and diffracted obtained through the 
objective lens system 305 from Workpiece WP. 

[0169] The read- ahead focal detection systems GDL and GDR and the processing location focal detection 
system GDC are formed in the perimeter of the objective lens system 305. Drawing 17 shows the flat layout 
of the detection point of the focal detection system arranged around visual field 305A of the objective lens 
system 305, and visual field 305A. For convenience, the core of visual field 305A is set as the zero of XY 
system of coordinates. The rectangle region of visual field 3 05 A shows the range which the spot of this 
beam LBW scans (namely, scan) according to the deflection of the beam LBW caused by the scanning 
mirror 300. 

[0170] A focus detector GDA1, GDBn, and GDA2 are set up so that it may be arranged on the left-hand side 
side of visual field 305 A of an objective lens system, consequently the detection points FA1, FBI, FB2, 
FB3, and FA2 may serve as a train parallel to a Y-axis. Moreover, a focus detector GDD1, GDEn, and 
GDD2 are set up so that it may be arranged on the right-hand side side of visual field 3 05 A, consequently 
the detection points FD1, FE1, FE2, FE3, and FD2 may serve as a train parallel to a Y-axis. 
[0171] On the other hand, the focus detector GDC 1 is formed above visual field 3 05 A. And the focus 
detector GDC 1 is set up so that three detection point FDla, FDlb, and FDlc may be arranged on a line 
parallel to the X-axis through the two detection points FA1 and FD1. On the other hand, the focus detector 
GDC 2 is caudad formed for visual field 305A. And the focus detector GDC 2 is set up so that three 
detection point FD2a and FD2bs, and FD2c may be arranged on a line parallel to the X-axis through the two 
detection points FA2 and FD2. In this example, while Workpiece WP moves in the direction of X, the focus 
detector GDA1 of a lot, GDBn and GDA2, and the focus detector GDD1 of a lot, GDEn and GDD2 are 
chosen as a focal read-ahead capability. On the other hand, while Workpiece WP moves in the direction of 
Y, a focal read-ahead capability is attained by choosing the focus detectors GDA1, GDC1, and GDD1 of a 
lot, and the focus detectors GDA2, GDC2, and GDD2 of a lot. By changing a focus detector GDBn, GDC1 
and GDC2, and the detection point of GDEn, this example is constituted so that the focus of a processing 
location can be detected. For example, when Workpiece WP is missing from a right-hand side side from the 
left-hand side side of drawing 16 and moves along with the X-axis, Predicting using the detection points 
FA1, FBI, FB2, FB3, and FA2 Among three pairs of detection points which consist of detection point FDla 
and FD2a, detection point FDlb and FD2bs, and detection point FDlc and FD2c, the detection point of a 
couple can be chosen in order to detect the focus of a processing location. 

[0172] It has the intention of this configuration so that the following effectiveness can be attained. That is, 
the spot location of the object for processing or the light beam LBW for drawing changes by scanning range 
305B. Therefore, when the spot of a light beam LBW is positioned for example, at the leftmost edge of 
scanning range 305B as shown in drawing 17 , two detection point FDla and FD2a can be chosen, and focal 
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detection of a processing location can be performed. When the spot of a light beam LB W is positioned at the 
rightmost edge of scanning range 305B, two detection point FDlc and FD2c can be chosen, and focal 
detection of a processing location can be performed. 

[0173] In this approach, the repeatability and precision of focus control or tilt control are improved. The 
electrode holder WH shown in drawing 16 moves in the direction of focusing (Z), and the tilt motion 
direction slightly on an X-Y stage. What was shown in drawing 4 can be used without making a substantial 
change as the drive system and control system for performing this migration. 

[0 1 74] As mentioned above, the focal detection system shown in drawing 16 and drawing 17 is constituted 
so that focal read-ahead detection can be performed in each of the 2-dimensional motion direction of 
Workpiece WP, and so that the focal detection point about a processing location can choose according to the 
location of the beam spot in visual field 305 A. Consequently, even the periphery of Workpiece WP is 
processed into a precision after focusing has been made by accuracy (image formation), or pattern image 
formation is performed on Workpiece WP in such the condition. 

[01 75] The outline of the test equipment which can apply the focus / tilt detection system of the invention in 
this application is explained with reference to drawing 18 . Drawing 18 shows the example of the equipment 
which inspects optically the defect of the circuit pattern of the semiconductor device and liquid crystal 
display unit which were formed in the defect of the pattern copied by the mask and reticle for 
photolithography, or the substrate. 

[0176] By expanding an inspected pattern through objective lens optical system recently Moreover, by 
forming the amplification image of the expanded inspected pattern with a CCD camera etc. Furthermore, by 
analyzing the picture signal acquired from such an image, the quality of the inspected pattern formed in the 
specimen (substrate) is inspected, or the technique of inspecting foreign matters, such as a heterogeneous 
particle, and existence of breakage and nonexistence is positively introduced into this kind of test 
equipment. 

[0177] In such a case, it is important to improve precision so that the image of an inspected pattern may be 
expanded to accuracy. Therefore, the objective lens system in which resolution can form an image by the 
minimum aberration and distortion with visual field size it is high and large moreover is required. Such an 
objective lens system is usually designed as a SURUZA lens (TTL) type so that working distance may be 
small and focal detection may naturally be performed through an objective lens system. However, a TTL 
optical focal detection system will be accompanied by the problem which restricts detection sensitivity 
(variation of the detecting signal to the error at the time of carrying out focusing of the specimen). It is 
because the numerical aperture (NA) of an objective lens system is restricted. 

[0178] If the TTL focal detection system is formed so that the light which has the wavelength of the 
checking illumination light and different wavelength may be used, when it will perform the optical design of 
an objective lens system, aberration must be amended in consideration of the wavelength band of the 
checking illumination light, and the wavelength band of the focal detection illumination light. In such a 
case, a lens cannot necessarily be designed the optimal to the checking illumination light. 
[0179] Then, two or more sets of focal detection systems GDC, GDL, and GDR can be formed in the 
perimeter of an objective lens 330, and, thereby, can inspect now by the same approach as the focal 
detection system shown in drawing 16 and drawing 17 as shown in drawing 18 . The specimen WP which 
should be inspected serves as a mask with which for example, the pattern Pa was formed in the underside. 
Specimen WP is supported by the stage 33 1 of the shape of a frame movable in the direction of two 
dimension at the circumference edge. The stage 331 is equipped with opening. An objective lens 330 is in 
the condition which turned to the upside, and is attached in the base member 332 to which it shows 
migration of a stage 33 1 . The amplification image of the local field of Pattern Pa passes along a beam 
splitter 334 and a lens system 335, and they carry out image formation to the image surface of image pick- 
up equipment 336. 

[0180] In the opposite hand of Specimen WP, the condenser lens 338 of an illumination-light study system 
is arranged at Shaft AX and the same axle of an objective lens 330. The illumination light from an optical 
fiber 340 progresses through a condenser lens 341, the lighting field diaphragm 342, and a lens system 343, 
and carries out incidence to a condenser lens 338. The field corresponding to the visual field of an objective 
lens 330 is illuminated with a uniform illuminance among Specimen WP by it. 

[0181] In the configuration mentioned above, the focal detection systems GDC, GDL, and GDR are attached 
in the base member 332 together with the objective lens 330 so that Pattern Pa may be faced with the up 
side. Two or more focus detectors (two or more detection points) are formed in the focal detection systems 
GDL and GDR which can be predicted. The focus detector of a couple is formed in the focal detection 
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system GDC detectable [ with the inspection point ] on the other hand at least. 

[01 82] Moreover, in the focal detection system shown in drawing 18 , the specimen WP on a stage 33 1 is 
made to carry out a tilt by using a control circuit as enabled it to move perpendicularly in accordance with 
an optical axis AX or shown in drawing 4 based on the focal positional information detected by the focus 
detector. However, in the test equipment shown in drawing 18, if only the effectiveness that the quality of 
the amplification image of the pattern Pa by which image formation was carried out with image pick-up 
equipment 336 becomes high is acquired, it is enough. Therefore, the focusing devices 3 52 A or 352B for 
moving slightly an objective lens 330 or a lens system 335 in accordance with an optical axis AX can be 
formed instead of a means to move Specimen WP perpendicularly. 

[01 83] The test equipment which positions the mask pattern Pa prepared as specimen WP so that it may be 
suitable caudad is explained with reference to the example of drawing 1 8. Needless to say, this example is 
directly applicable also to the test equipment which turned Pattern Pa upwards and turned the objective lens 
downward. The image with which Pattern Pa was transmitted is inspected in the equipment shown in 
drawing 1 8 by the transmitted illumination system prepared in the same axle. 

[0184] However, said transmitted illumination system can be changed so that the reflected illumination light 
of the same axle may be introduced in the direction of the arrow head 350 of drawing 1 8 through a beam 
splitter 334. In such a case, the amplification image received by image pick-up equipment 336 is formed by 
carrying out image formation of the reflected light from Pattern Pa. 

[0185] Furthermore, other approaches can also be used. In the approach, the spatial filter equipped with the 
transparency section which has a desired configuration is prepared in the location of the Fourier transform 
flat surface formed in the optical path or its image formation optical system of an illumination-light study 
system dismountable. It has come to be able to carry out the image formation of the light field image or dark 
field image of Pattern Pa to image pick-up equipment 336 selectively thereby. 

[0186] This disclosure is illustrated and the invention in this application is not limited to this disclosure. 
Furthermore, another example of modification for this contractor is clear from a viewpoint of this 
disclosure, and this example of modification is included in the range of the attached claim. 

[Translation done.] 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 





[Drawing 2] 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 10] 
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[Drawing 12] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/2/2006 



JP 5 10-154659,A [DRAWINGS] 




[Drawing 16] 
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[Drawing 18] 
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